JOURNAL OF MAMMALOGY 


Published Quarterly by the American Society of Mammalogists 


JUNE 8, 1943 


EDWARD ROYAL WARREN 
1860-1942 
By T. D. A. CocKERELL 


Nearly forty years ago, I called on Mr. Warren at Colorado Springs, and he 
showed me his collection of mammals, which he brought into the room on a tray. 
Not many years later he had to put up a small new building to contain his 
collection. 

In spite of the opportunities for observations and discoveries, the amateur 
naturalists of Colorado have been few. In still earlier times, when the Cali- 
fornians undertook to do some zoological and botanical work on their own ac- 
count, the movement was held up to ridicule by Bret Harte, and there were 
serious misgivings in other quarters regarding the capacity of the westerners to 
‘“naddle their own canoe.’’ Perhaps these obstacles and inhibitions prevented 
the development of Rocky Mountain Zoology, and there seemed to be no special 
reason why Edward Royal Warren, a retired mining engineer, should graduate 
into the chief authority on Colorado mammals and a prominent student of 
Colorado birds. He himself gives the major part of the credit to William Lutley 
Sclater, son of the famous secretary of the Zoological Society of London. 

I remember Sclater as a young man, when he returned from an expedition 
to South America, and appeared at a meeting of the Zoological Society, repori- 
ing on some new animals he had preserved. In course of time he went to South 
Africa to the Museum at Cape Town, and came to be closely identified with 
African Zoology. But he married a daughter of General Palmer, of Glen Eyrie, 
Colorado Springs, and was induced to move to Colorado, where he built a house 
in African style. In his new surroundings, he at once became acquainted with 
Warren and with the well-known ornithologist Aiken. Warren tells how Sclater 
planned to write a book on the Mammals of Colorado, but found it required more 
time than he could spare. He accordingly turned to Warren, proposing that 
he should doit. Warren had been actively interested in the mammals of Colorado 
since 1902, and was well prepared to carry on this work, though he probably 
would not have undertaken to do it but for Sclater’s encouragement. The 
whole story illustrates, first of all, how men capable of doing important scientific 
work may be found here and there in the population; and secondly, how they 
may be brought to fruition by the right kind of encouragement at the right time. 
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Of all the animals studied by Warren, he was most attracted by the beaver, 
This led him to make a detailed study of the beaver’s habits, which formed the 
basis of the second Monograph published by the American Society of Mam- 
malogists (1927). This was followed by The Beaver in Yellowstone National 
Park, and the Beaver in Estes Park, published in the Annals of the Roosevelt 
Wild Life Experiment Station, with which Warren was associated from 192] 
to 1928. It was assumed that the Colorado form was referable to Castor cana- 
densis frondator (Mearns), described from Sonora. In “Zoology of Colorado”’ 
(1927), page 48, I pointed out that there was at least some difference, and care- 
ful studies made later by Warren and E. R. Hall showed that the Colorado 
animal should be separated as a subspecies, which (Jour. Mamm. 1939, p. 358 
was named Castor canadensis concisor. 

The marmots were all referred to a single form, Marmota flaviventer in the 
Mammals of Colorado. But Howell, with more abundant materials, showed 
that the true M. flaviventer occurred in Oregon and California, and separated out 
several races in Colorado. One of these, found from Garfield County to Sagu- 
ache County, he named Mf. warreni. Still more recently (Jour. Mamm., 
1934, p. 62) Warren described the marmot of the Wet Mountains of southern 
Colorado as Mf. notioros. Two other Colorado mammals have been named 
after Warren. The cottontail of southwestern Colorado, ranging into Utah, 
New Mexico, and Arizona, is Sylvilagus auduboni warreni Nelson. A wood-rat, 
known from Baca and Las Animas counties, is Neotoma albigula warreni Merriam 
A gall insect on oak, discovered by Warren at Trinidad, Colorado, but also found 
in Arizona and Texas, is Callimome warreni (Cockerell). The Evening Grosbeak 
found in Colorado, one of our most characteristic birds, is Hesperiphona vesper- 
tina warreni Grinnell. A beautiful white-flowered species of azalea, found in the 
mountains of Colorado, is Azaliastrum warreni A. Nelson. 

Warren was associated with the Colorado College as honorary Director of the 
Museum for a time, but took no part in the teaching. He was a member of 
various scientific societies, and a contributor to the Journal of Mammalogy, the 
Colorado College publications, the Proceedings of the Biological Society of 
Washington, The Condor, the Auk, ete. His account of the small mammals of 
Colorado, published by the Colorado Mountain Club in 1921, was widely used 
and appreciated. 


By Ropert W. L. Porrs 


Born at Waltham, Massachusetts, in 1860, Mr. Warren first came west out of 
Boston, a young man to a young man’s world—the roaring Colorado mining 
camps of the early eighties. He was an assayer and engineer around the fabulous 
Gunnison region, the Taylor River, Crested Butte, and Gothic of the Wolverine 
Basin in the West Elks. In 1936, I went through much of the same region with 
him again, after Pittsburg and Gothic and many another town had gone through 
not only the ghost stage but had vanished altogether. He pointed out the 
beaver ponds where he had camped so that at the end of a day’s traverse he could 
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observe and record all he could of that industrious animal. We collected a mar- 
mot on the same boulder, shooting from the side of our car, which stood where his 
wagon had back in ’82, where he collected his first. 

Almost fifty years had gone by. It should be a nostalgic picture, but it held 
none of that. Mr. Warren was of that great breed of men whom the years may 
slow, but otherwise leave untouched. Unable to manage a camp alone, partially 
deafened, years past the time when most men take to the softest chair, Mr. 
Warren was at his best. Often he tramped for miles in that rough, mountain 
country to come in weighted with marmot, rabbit, coney, and weasel. When he 
couldn’t be out on his long summer camping jaunts he was never quite proscribed 
by the walls of his stacked and littered study. It bulged with notebooks filled 
with the notes from his trips or reading; bulged with texts and separates; bulged 
with letters from the hundreds of correspondents, county clerks to scientists, who 
had answered or attempted to answer the numberless questions that had occurred 
to Mr. Warren’s perpetually questing brain. Always, too, there were half a 
dozen different studies or papers that he worked on. 

For all the dynamo that drove him, he was one of the quietest, and the most 
contented men I ever knew. Seldom applied to any man, and strange sounding 
in particular when applied to a real one, the adjective ‘‘sweet”’ sums up a great 
deal of Mr. Warren’s character. His home, his wife, and his two daughters were 
an integral part of him, and his home was a rendezvous for all. Being partially 
deaf, it was often difficult to include him in the swift chit-chat of the frequent 
gatherings, yet he was by no means a specter at the edge of the feast He sat 
aside, watching, smiling, perhaps not hearing as well as most, but everyone felt 
his presence. He was no less the host, and he missed little or none of the fun. 
Our dog, a snooty and independent little Sealyham, a one-family dog if ever there 
was one, adopted Mr. Warren at first blush, and we might as well have not been 
around when he was there. The Warrens’ two cats slept in his lap by choice over 
the softest chairs. not that he petted them much, or froliced with them. They 
sensed his quiet kinship, just as did all who met and knew him. 

He was so quiet and unobtrusive that probably only afew realized how dauntless 
vas his nature I often found myself wondering, when we were out on our long 
summer trips, whether he just never saw the dangers 01 difficulties, or whether he 
did and got a certain devilish satisfaction out of beating the game. We went 
skidding and bumping over many of the oldest and worst roads in New Mexico 


ana 


1 Colorado on those trips after small mammals. One time we were heading 
northward over an old cart track out of New Mexico toward Pagosa Springs. 


We had been through rains and semi-floods all day, with chains on all four 


wheels. We were just easing our way across a rickety old bridge when we saw a 
bore of water some three feet high come swirling down the narrow gulch. Barely 
safe across we paused to watch it cover the bridge. ‘‘I thought for a moment,” 


said Mr. Warren, ‘‘that we might have to get out 


and put a chain on thi spare 


tire 
Another time we had a right rear tire low out on ou heavily laden car as we 
were sailing along the fine road to Salida, for Mr. Warren liked me to drive fairly 
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fast when the roads were good. When I got out of the car my knees were quak- 
ing. Mr. Warren got out of his side and looked over to a nearby tree; the mid- 
day heat of that high plain was immediately noticeable. ‘Well,’ he spoke 
softly, ‘‘if you’d only skidded it a few feet further we’d have been in the shade.” 

And once we tried to drive a car up the side of lofty Mount Sierra Blanca. 
Following old mine survey maps, our modern one still showed an “‘unsurfaced 
road, safe in dry weather” some third or more of the way up its bleak side. After 
trying to trace it after it had “‘petered out” in a rocky chasm, I wanted to back 
up to a flat spot, and turn around and go elsewhere. Not Mr. Warren. “The 
map shows a road,” he persisted, as though maps were irrefutable, but really 
because it was his sole remaining argument. 

“Nope, no road,” said I. We had already driven better than a mile beyond the 
last remnants of decency. 

“Try that last gulch we saw,’’ Mr. Warren directed equably, “Maybe that’s 
where the road went.” 

“‘Let’s turn around while we can.”’ I had sounded the same plaint before and 
advanced the suggestion without hope. 

“The map...” 

“T know,” I broke in, putting the car in low and starting out once more, “‘the 
map shows a road.”’ On we drove, on and up, pounding the big old Buick over 
rocks, brushing aside the limbs of the tough and wiry Pifion pines, jacking a wheel 
over a rock here, piling Pifion bows into a hole there. Finally even Mr. Warren 
would admit the utter non-existence of a further place to puta tire. But only a 
sheer wal] and the lateness of the hour stopped our trying. We’d driven two 
thousand feet up the side of that steep cone beyond the feeble road that had led 
us up out of the flat Alamosa Valley, far beyond where auto ever went before. | 
was at the wheel but Mr. Warren’s was the enthusiasm that kept the old car 
going. 

He was as dauntless about such a thing as he was about life itself. When he 
broke his leg just before the meeting of the American Society of Mammalogists in 
Denver in 1940, there was but one foregone conclusion . . . if he lived (and for as 
old a man as he, that “‘if’’ loomed tremendously large) he would never walk again 
Bedridden, his leg under terrific traction, steel splinted and plastered, he grew 
worse; uremic poisoning developed, became severe. Mr. Warren’s smile was as 
sweet as ever, withal so terribly weak. He fumbled for a letter he had just re- 
ceived from several members of the Society, men with whom he had worked over 
his beloved mammals. I must read it; they missed him and some were even 
coming down tosee him. “I guess maybe I won’t get to the meetings this year,” 
he whispered, “‘but I’ll be extra careful just before the next one.’’ 

And that indomitable courage pulled him through . . . and he walked, first with 
a heavy brace and crutches, in a few months without even those aids. The first 
time I saw the miracle, he came pulling a little wagon out of the backyard with 
wood for his fireplace init. ‘I guess you just can’t kill a Warren,” murmured the 
doctor who had attended him. 

In many years of knowing Mr. Warren, I never knew him to express anything 
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derogatory to another’s character, with only a single exception. He saw every- 
hing with the truly tolerant eye, and to him every man was a friend. 


His was 
completely the kindly, common touch. 


Often we were plagued on our trips by 
curious sheep herders, reminiscing cowboys, or the hardier-than-most tourist 
who had somehow managed to get into the same high country where we always 
camped. Mr. Warren didn’t know how to turn them away. 


His exception to the rule? Oh, yes. One year I was unable io go out with 
him. We found a young fellow to take my place. Mr. Warren came home, 
enthusiastic 


( 


It had been wonderful to have someone in camp who was always 
chasing off to look at the other side of a mountain when he wasn’t out mammal 
collecting. Mr. Warren had never been able to understand how I was content t« 
lie for hours in the shade of a tall spruce tree on a long mountain slope. But he 
twinkled at me, for all his sly digs. 
His interests were alert, keenly so. To all the struggling young fry just be- 
a willing ear and over-generously of his time and assistance. 
And always his mind was young and open. 


ginning, he gave 


He loved new ideas, and was eager to 
know the new approaches in all fields. Above all, perhaps, he had balance, 
seasoned with warm kindliness. Too, he had strength, and his last years were 
ived in a white heat of mental intensity, driving a body that completely refused 
to be licked by the years. His sister, who was so like him in many ways that they 
been twins, once complained, ‘‘I used to know so many nice old people 
t’s funny, there just don’t seem to be any old people around nowadays.” 

He achieved much, quietly, which is an achievement in iteslf. He was widely 
idmired without stint. 


All who were fortunate enough to know him recognized 
1 man who had fully lived his life, and that he had found his peace. 
t never die; they live as stars on our horizon. 


L966 Lemon St.. Riverside. California and 2800 Buena Vista Way, Berkeley, 








130 JOURNAL OF MAMMALOGY 


WOOD RATS (NEOTOMA ALBIGULA): THEIR GROWTH AND 
DEVELOPMENT 


By Wriiu1AmM B. RicHARDSON 


The study of the wood rat with special emphasis on the growth and develop- 
ment of the young from the time of birth to subadulthood, was undertaken be- 
tween February and August of 1940. This work was a part of the Archbold 
Expeditions’ program carried out at a temporary biological station situated at 
the foot of the Rincon Mountains, 20 miles east of Tucson, Arizona. I wish to 
express my appreciation to the leader of our group, Mr. Richard Archbold, who 
made this work possible. 

Throughout the Tucson region, wood rats were common as evidenced by thei 
nests. In the valley they nested usually in prickly pear clumps or about the 
bases of creosote bushes, where they often utilized abandoned ground squirrels’ 
(Citellus tereticaudus) burrows. In the foot-hill region, rocky outcrops with thei 
cracks and crevices afforded the usual nest site. For detailed information on 
habitat and abundance of these animals in this region see Vorhies and Taylo1 

1940, pp. 461-513). 

My stay was within the limits of the breeding season, which, according t 
Vorhies and Taylor (1940, p. 473), extends from January through August. The 
animals for study were obtained in live traps or dug from the nest and housed 
in large cages. Mothers with their young were under daily observation and 
notes and records were compiled. Although the bulk of the information cam: 
from observing these caged animals, wherever possible it was supplemented by 
field notes. 


GESTATION PERIOD 


Frequent attempts to induce captive animals to breed failed. However, a 
number of pregnant females, which at the same time were suckling their young, 
were captured and caged apart from mature males. For example, a femal 
taken March 15 had two young whose eyes opened on March 17. This sam 
female gave birth April 21 to two young whose eyes opened on May 5 afte: 
period of 15 days. Assuming that the eyes of the young of the previous litte: 
likewise took 15 days to open, we may place then the date of birth of the previous 
litter as March 3. From this we may conclude that the gestation period is at 
least 37, perhaps more than 38, days, that insemination may occur in th 


12 days after the female gives birth to young, and that in this case there was a 


19 day period between litters. The usual size of a litter is two with three as the 
maximum. The gestation period of this species appears to be considerably longe1 
than that of Neotoma fuscipes annectens, which, as recorded by Donat (1933, 
p. 24), “probably ...is 23 days” or that of Neoloma micropus, which, as r 
ported by Feldman, (1935, p. 301) is less than 33 days. The potential increase in 


progeny is considerably slower and lower than that of Rattus norvegicus, which 
has a gestation period of 21 to 26 days, a litter average of 7 to 8, with sometimes 


as many as 20 young, and a possibility of a 28 day period between litters (Lantz, 
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1909, pp. 15-16). My findings concerning the gestation period disagree, how- 
ever, with those of Feldman (1935, p. 301) who states that ‘‘Gestation in... N. 
albigula is less than 30 days... based on... the minimum time between suc- 


cessive litters.” 


NEW-BORN YOUNG 
The new-born young (see Plate 1) are nearly twice as large as those of Rattus 
They weigh on the average 10.9 grams, as compared with the 5.2 
grams of R. norvegicus (King, 1923, p. 81). The ventral coloration of Neotoma, 
including legs, ears, and muzzle, is pink; dorsally it shades into a gray produced 
by hair follicles and the short, dark-based hair (1 mm in length). The skin ap- 
pears poorly fitted to the body, having large rolling folds over the shoulders, about 
the flank, and at the base of the tail. 


norvegicus 


In addition there is a scaly appearance to 
the skin as if the epidermis were sloughing. The eyes are tightly closed and only 
the bulge and the obscure slit of tiie unopened eyelids mark the place they are to 
appear. The ears are closed, the pinnae being folded downward and sealed to 
the sides of the head, completely concealing the auditory openings. The legs are 
short and weak, being unable to support the body weight. The feet in propor- 
tion to the body are large with short, distended claws on chubby, spreading toes. 
The head is oval in shape without the pointed muzzle as found in the adult. The 
vibrissae, measuring up to 12.0 mm in length, protrude from an inflated upper lip. 
The tail is short, fleshy, and hairless. The incisors, both upper and lower, are 
present, but short, separated, and with incurved hooked tips to facilitate grasping 


the nippl Averages, maxima and minima of weights and measurements of 9 


to 12 new-born young are as follows: 
Average Maximum Minimun 
He 24.1 mm 25.4 22.7 
Head and body 59.7 (62.7 56.1 
Tai 26.1 28.1 23.0 
Hindfoot 12.7 13.3 -— 12.3 
Kar 5.7 6.6 5.3 
Weight 10.9 grams 12.5 93 


PERIODS OF DEVELOPMENT 


Growth and development of the wood rats is a more 
from birth to maturity. There are, however, during this change certain periods 
when development is more apparent, when rather sudden changes appear in the 
life of the 


or less gradual change 


young accompanied with different reactions to the environment. 
These breaks are here used to separate the development into periods, thus sim- 
plifying explanation. The first period is from birth until the eyes are opened. 
The second includes the time from the opening of the eyes until the young are 
weaned. The third includes from weaning to maturity (adulthood). 


FIRST PERIOD OF DEVELOPMENT 


The duration of this period is from birth to the opening of the eyes on the 15th 


tol8thday. During this time the principal change is in physical growth. There 
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Fic. 1. Growth rate of (A) head and body, and (B) tail, of Neotoma albigula from |} 
to 104 days of age with solid line representing the average, broken line the maximum, ar 
dotted line the minimum. The number of animals on which the graph is based is as follo 


11 to 9 for the first 42 days, reduced to 4 by the 50th day, and to3 on the 84th day 
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Fia. 2. Growth rate of (A) head, (B) hind foot, and (C) ear of Neotoma albigqula with the 
average represented by a solid line, maximum by a broken line and minimum by a dotted 
line. The number of animals on which the graph is based is as in fig. 1 














RICHARDSON WOODRATS: GROWTH AND DEVELOPMENT 135 


is rather rapid increase in size with a lengthening of the rostrum. The foot 
sumes a normal shape with divided toes and well defined tubercles. 


as- 
The pinna 
rises during the first day or two and increases in size, with the auditory canal 
opening on the 13th to 15th day. The fuzzy coat changes to that of the 
sub-adult pelt, which covers the body in a pattern similar to that of the adult. 
The incisors lose their recurved hook and the molariform teeth appear. The 


} 


vibrissae become longer and strong 


, protruding from a less bulging upper lip. 
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Fic. 3. Weight of a growing wood rat Neotoma albigula with the solid line representing 
iverage, the broken line the maximum and the dotted line the minimum. The number 
f animals on which the graph is based is as in fig. 1 


The activity during this period is rather limited, for the young spend most of 
their time attached to the nipple except when they dislodge themselves to search 
for one of the other three nipples or on occasions when they are forcibly removed 
by the mether. Suckling is often accompanied by a quivering or kicking move- 
ment which may be exercise necessary in strengthening the young. During this 
period the young learn the fundamentals of walking, although they do not become 
very steady on their feet. They are able to right themselves awkwardly when 
turned over. Unattached on an inclined plane, they struggle to brace them- 
selves against slipping. When dropped from a height up to 18 inches they make 
no apparent effort to right themselves on the way down. During the latter part 
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of this period, the young have been observed scratching about their ears and 
vibrissae with the hindfoot, followed by licking the toes of the foot used in scratech- 
ing. They also clean their muzzle with their front feet. This grooming is not 
uncommonly indulged in so vigorously that they upset themselves, but regardless 
of the fall, they continue the grooming for several seconds. 

When attached to the nipple, the young remain relaxed with little regard for 
their position. Thus attached, the female transports the relaxed young whereve1 
necessary, the young dragging along without regard for equilibrium. When th 
female is excited, I have seen her run about the partially destroyed nest with th 
young dangling behind, bobbing over the debris. Not infrequently, however, 
the female will remove one of the young which is attached to the nipple by grasp 
ing the young one’s belly with her incisors and giving a twist and a pull. This 
method of removing young differs from that used by Neotoma fuscipes macroti 
as recorded by Gander (1929, p. 57): “A captive female with three young was 
observed to disengage herself from the young by turning around and around until 
two of them has [sic] become detached, and the forepaws were used in freeing 
herself from the third.”’ The female holding the quiescent, coiled young by the 
belly (see Plate 1) may thus transport it from place to place with eas¢ 

Removing the young from the mammae to weigh and measure them, was at 
first quite a problem. Pulling on the young stimulated a firmer grasp and excited 
the mother, with the result that when finally removed they usually tore the skin 
of the nipple. However, I found that by taking the young between thumb and 
forefinger and turning it around several times, it would release itself without 
injury and without excitement to the female or itself. 

It was also found that young of this period would suckle and attach themselves 
to a cut end of a rubber band. Once affixed to the rubber, the young relaxed 
and in this condition they could be pulled about my desk, over books, and other 


equipment, all the while remaining in the reposed position. The young would 
hang dangling at the end of the rubber for an indefinite period of tim Thus 


hanging, young of 15 days could easily support a weight of 150 grams attached 
to its hind legs. 

The senses in the young, with the exception of touch, are poorly developed or 
entirely undeveloped. The eyes are closed. The ears are sealed except for th 
last two or three days when sound recording is probably imperfect. Concerning 
taste and smell, I have no information. Touch, however, is developed and 
serves importantly in the well-being of the young. Touching the vibrissae o1 
hair stimulates a positive response; that is, movement toward the object stimu- 
lating. Accompanying this movement is a turning of the body on its side or 
back and a pawing with the front and hind feet. This response is a typical 
reaction of the young to the mother in the attempt to reach the mammae. When 
the nipple is once gained the young do not further react to the stimulus of touch 
Moreover, this response to the female can easily be reproduced by placing a piece 
of cotton near the young. When the cotton is touched, the young immediatel) 
move toward it, turning themselves on their sides or backs and pawing the cotton 
fibers. This specialized reaction under ordinary circumstances is valuable to the 
young in finding the mother’s nipples. However, the young have been seen giv- 
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ing this same response to members of an older litter, to others of their own age, as 
well as to nest materials. One wonders if this reaction, seemingly important in 
early life, does not at times lead the young into difficulty. 

Usually the female appears to give little aid to the young in finding the nipple. 
On several occasions, though, I have seen the female reach out, pick up @ young in 
her mouth, bring it back to the nest, and release it between her front legs; where- 
upon it immediately crawled toward the teats, turned and attached itself. To 
facilitate its last efforts the female raised her body until the young had gained 
the nipple. 

The mother takes care not to step on the young, but occasionally she does so, 
which brings forth a squeak from the young and the subsequent moving of her 
foot. When the rats are very young this squeak is usually muffled, sometimes so 
muffled as not to be audible to the human ear As the animal becomes older the 
voice is louder but less often used, the use being limited mainly to times of distress 
as when detached from the female or when the young are injured. 

The urime and feces are passed only on stimulation of the genital region. This 
is accomplished by the female licking the genitalia and occasionally pressing with 
her front feet on the abdominal region of the young. The young relax and emit, 
whereupon the urine and feces are consumed by the female. This function is 


Ireque ntly accompanied with squeaks from the young as if in pain. 


SECOND PERIOD OF DEVELOPMENT 


The second period is one of play, where the activities develop into patterns 
later used in independent life. It begins about the 17th day, when the eyes 
open, and lasts until weaned which may be from 45 to 55 days (62 to 72 days from 
birth), depending in part upon the time the following litter appears, and probably 
upon the food supply, the temperament ol the female, ete. These young wood 
rats are able to take care of themselves under ordinary circumstances 25 to 30 
days after their eyes open or about the time the following litter appears. The 
young, although able to care for themselves, remain about the nest receiving less 
attention from the female, but continuing to suckle beside the younger offspring 
when possible 

The color and pattern oj the fur of the young are essentially like that of the 
adult, differing slightly in being grayer and less dense but completely covering the 
pod The recently opened eyes measure 6.5 mm from notch to notch. The 
ears are open, the pinnae up, furred, and movable; that is, they may be twitched 
or laid back along the head. The head is lengthened with a more pronounced 
muzzle, the general contour approaching that of the adult. The vibrissae vary in 
length to 30 mm, arising from an apparently less bulging lip than that of the 
younger animals They are dark brown or black with silve tips, the silver color 
being dominant on dorsal and posterior vibrissae. The legs and feet are larger, 


more muscular, and capable of supporting the body, even while the rat clings to 


the sides or roof of the wire mesh cage. The tail is lengthened, haired, and less 
chubby in appearance. The incisors are only slightly incurved, the hook ap- 
parent at birth having disappeared. The voice is still the squeak of infancy. 


[t is during this period that the physical growth is most rapid (see figs. 1 and 2). 
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The hind feet and ears reach their full size, whereas the head, body, and tail 
continue to grow, having their most rapid increase at this time. The weight, 
unlike the body measurements, has a relatively regular increase. The curve as 
plotted on the graph (fig. 3) shows no signs of tapering off in the later part of this 
period. The weights and measurements of the beginning (17th day) and end 
(66th day) of this period are as follows: 


17TH DAY (10 INDIVIDUALS 66TH DAY (4 INDIVIDUAL 
Average Maximum Minimum Average Maximum Minimum 
Head 33.5 mm. (36.0-31.9 42.7 mm. 43.5- 42.4 
Head and body RS. O (101 .5-78.5 151.0 154.0-148.0 
Tail 45.5 (52.0-39.3 124.0 130.0-113.0 
Hindfoot 23.0 (25 .9-20.2 31.0 31.2- 30.8 
Ear 13.5 (17.3-11.1 25.8 26.4- 25.2 
Weight 25.2 grams (32.6-20.4 103.3 grams 113.9- 86.1 


There is a fear of falling as shown by the fact that the young wood rat will not 
crawl off the edge of the scales, as it did before the eyes were open. When 
dropped from a height of 6 inches it has the ability to right itself. Thumping of 
the ground with the hindfeet had appeared in young of 26 days of age. They are 
less active during the earlier part of the period, as much of their time is spent 
suckling. 

Play is most apparent during this period. Throughout the earlier part, all fre 
time consisting of short intervals between nursing, is spent in play. The young 
wood rats never lie idle, detached from the nipple. Later the nursing time de- 
creases, play time increases, and not infrequently the unattached young will bi 
found resting by the mother’s side. Play as it occurs consists of frolicking about 
the cage, picking up objects, carrying, nibbling, digging, grooming, and exercising 
the body. When play is finished the young return to the mother’s side to nurse 
or rest. This play appears as an activity without apparent immediate Value to 
the player except as a release of surplus energy to develop the muscles and to 
acquaint the senses with objects or materials. As diversified in scope as is this 
play, it contains what we might call the pre-activities of the mature animal 
These are apparently instinctive and remain as such until gradually they are put 
to use. Thus play may improve the acts, molding or refining them, to be useful 
at a later period. 

The independence from the mother develops gradually with the most abrupt 
break occurring about the time the female gives birth to the following litter 
With the arrival of the new young, the female does not aggressively attack o1 
ward off the older litter; she permits them to suckle, although actually giving 
them less attention than before. 

Mouth suckling of the female by the young was not infrequently observed dur- 
ing the latter part of this period; it was accomplished by the young turning thei 
heads to one side and locking incisors with the female, and in this position th 
mouth was suckled from 15 seconds to several minutes at atime. This suckling 
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was indulged in more by some young than by others. Sometimes it began several 
days before the arrival of the following litter. The most logical explanation 
seems to be that at this time the mother’s milk is insufficient for the rapidly 
growing young, and they, attracted by the moist mouth of the mother, begin 
suckling. Although not observed, liquids including the digestive juices and 
possibly even pre-digested food may, in this manner, be taken from the female’s 
mouth. Thus, the young may be tided over until a time when they are more 
competent to care for themselves. 

Learning to utilize solid food is perhaps one of the most important activities of 
this period. To find and distinguish food is manifested first as a part of the play 
pattern. The observed young have been seen picking up and nibbling on such 
things as bits of wood, grains of sand, cotton, the mother’s tail, seats, as well as 
the various food stuffs in the cage. With the decrease in available mother’s 
milk and an increase in food needed, it becomes necessary for the young to 
supplement the milk diet with such food as can be procured. As this need for 
food develops, trial and error supplements play with the tasty articles coming to 
attract more attention. Thus, gradually from play through trial and error, the 
young wood rats learn to differentiate food and how to feed themselves. 

The incurved incisors, so apparent during the first part of the earlier period, 
now resemble the normal adult tooth. With this change and the increase in 
body weight, the young use another suckling posture (see Plate 2). When 
the female is quiet they assume an upright position—not the relaxed random 
posture of babyhood. When the female is in motion, rather than being dragged 
along, they follow behind her with a nipple held tightly between their incisors. 
If the youngs’ pace is slower, the female will drive them off. This is due perhaps 
to excessive pressure applied to the nipple. Not infrequently the young will lose 
hold involuntarily with the sudden movements of the female, the teats being 
yanked out of their mouths before they have an opportunity to close on them. 
When the end of a cut rubber band is placed in the mouth of young about 40 
days’ old, they attach themselves and begin suckling in much the same manner as 
at an earlier period. They do not, however, relax. Rather they remain upright, 
bracing themselves against a forward motion but run after the band when suffi- 
cient pressure is applied. When held in the air attached to the rubber, the rat 
struggled continually, kicking its feet and swirling its tail in an effort to bring 
itself to a horizontal position. After struggling for about 30 seconds it released 
its hold, dropping to the ground. This experiment was repeated several times 
with the same result. 

Cholla cactus, which was eaten by the wood rat, is a food requiring special 
handling. This cactus, with its profuse barbed spines, was commonly found 
throughout the area in which we worked. Yet regardless of its spines it was used 
by the wood rats as a source of food and water. The young during this period 
learn to manipulate and eat cholla as well as to extract its thorns from their 
flesh. The first contact at the earlier part of this period produces a negative 
response, a drawing away from the spiny object. This is shown by the two 


young (eyes open three days) that were observed playing over a small sandy 
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area on which several segments of this cactus, sticks, and rocks had been placed. 
One individual accidentally bumped into and stuck to a section of cactus. It 
uttered several squeaks and began a strugel which lasted two or three seconds 
before freeing itself. It then moved away from the vicinity of the cholla. Thi 
other young playing nearby also moved and the two continued their play for th 
ensuing hour away from that area. From this, their first lesson in spines, it ap- 
pears that one individual learned from contact something of the nature of cholla 
and the second seemed to have learned from the experience of the other As th 
need for food increased, the voung were seen feeding upon the cortex of the cholla 
it having been ¢ xposed bv the female in her eating While feeding on the open 
end of the segment, the young learn to nip away the areoles of spines thus ex- 
posing the juicy inner part Later they acquire the ability to open the cholla for 
themselves by starting at the stem end of the segment where the spines ar 


shorter and less numerous 


The passing of urine and feces during the early part of this period is stimulated 
by the female licking the genital region of the young. This method of voiding 


is, however, soon discontinued and the young are left to void for themselves. 
Thev do so with little regard for defecation areas, often rubbing their genital 
region on the floor of the cage to stimulate emission. This haphazard use of thi 
cage 101 defecation soon changes Within 10 days after the eyes open the 
young, as do the adults, use one corner of the cage as the customary voiding spot 

Nest building and cleaning activities appear rather early in this interval as a 
part, or associate, of play. Nesting and cleaning first appear as random moving 
here and there of any small objects which may be found in the cage Thus th 
young expend energy in doing acts which have no apparent immediate value, for 
such activities are carried out irrespective of the purpose of moving or the thing 
to be moved For example, the voung were observed transporting scats from the 
nest to the side of the cage and then turning around and moving them back into 
the nest On other oceasions they were seen carrying bits of nest material to 
other sections of the cage and laying them down as if starting a nest After one 
to several trips, and sometimes an attempt to spread the insufficient material into 
a nest, the project was forgotten and the rat continued playing or returned to its 
mother. Later it might remove all or part of these bits of nest material to stil 
another place in the cage or possibly return them to the original nest. With an 
increase in age of the voung, however, there was a change from the haphazard 
toward the constructive. Young of 30 days were observed carrying bits of nest 
material (cotton) to a corner of the cage, making some 10 to 15 trips until a 
small area was covered, temporarily utilizing it fora nest. Such nests were never 
used for more than half an hour at a time before they were abandoned in favor of 
the home nest. 

On one occasion a young of about 40 days was observed carrying a 4 day old 
ofispring of the succeeding litter in the same manner as that used by the mother 
Examination of the younger rat showed that no injury occurred during the brief 
time it was carried about the cage by the older inexperienced offspring. 


Grooming was observed first in the previous period as an act of scratching the 
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ears and washing the face. This act, continuing throughout this period, was 


| 


Combing the fur with the incisors like many of the other activities which ap- 


indulged in more vigorously and more frequently than during the preceding one. 


te, of play For example, a young while 


peared, emanated as part, or an associa 
sca pering about the cage Was obs rve d to run upon its mother. It combed the 


bout her back and ears in a vigorously playful manner for several seconds 


leaving the fur in a roughed state. Then it switched its attention to its own fur, 
combing it with better but still imperfect results. This combing of the pelt may 
be considered as play in that it served no immediate need, for at this time the 


male attended to that duty for both herself and her young. 


There was a gradual improvement in agility with the developing of the wood 
gaits, climbing, springing, balancing, and manipulating of their bodies. 
Locomotion changed from a spraddl d awkward gait to one as agile as that of the 
dult. The young were seen frequently climbing over the sides of the cage and 


} 


en walking across the top clinging to the wire mesh with the body suspended. 
During play, they often ran or chased each other about the cage springing to the 
ide wall and off again, turning quickly, and stopping suddenly. Some were ob- 


pm tt} 


loop by springing up and backwards, glancing off the 


served making an insid 


top of the cage and down to the floor again This tvpe of action was commonly 


na among cage d squirrels and chipmunks, but onl) occasionally did it occur 
among wood rats ke pt under the same conditions At the age of 45 days a young 
when dropped two inches, was able to right itself and land on all four feet. 


Agility had apparently developed gradually through trial and error until adult 


proficiency was uttuined 
Digging and rolling in the sandy floor of the cage was observed during this time. 


Digging, the throwing of dirt to the side and backward with the front feet, was 


l] was often ac 


stimulated bv the presence Ol fresh dirt in the cage: ii 


companied by rolling in the loose dirt Such activity might be considered an 


tempt to dust bathe 


The voice, the repeated metallic squeak so commonly used by the young during 
the 


the first period, was heard less and less as this interval progressed until nea 


end it was completely unused. Early in this time, however, it might be heard 


occasionally as the young attempted to gain the teat or when injured, or occasion 
ally as the mother groomed or stimulated defecation of the suckling young. 

Up to the time the young of the following litter were born, the female made an 
With 
the birth of the succeeding litter, however, she paid less attention to the older 
This, coupled with the fact that they were heavier and their incisors 


effort to protect the previous litter by covering or carrying them away. 


offspring. 
were less adapted for holding the nipple, made it necessary for them to shift for 


themselves when in danger. Disturbed caged young were frequently seen run- 


ning about the cage and hiding under the nest material or ducking behind the 
female If cornered they attempted to ward off the intruding object with their 
front feet and, if grasped, they would attempt to bite. This fending was first 
observed in a young 19 days old (eyes open three days). The rat was to be re- 


moved from the cage and on reaching for it, it was seen to turn its forequarters to 
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the left side, raise its corresponding front foot, turn the head upwards, and expose 
its front teeth. Although it assumed this defense posture it made no effort to 
bite as it was taken up. 

Fear as produced by a snake appears during this period. 


THIRD PERIOD OF DEVELOPMENT 


This period began about the 9th or 10th week (time of weaning) and continued 
until the animal had reached maturity. This was a period of maturing, the final 
development with the completion of growth and the perfecting of the various 
functions and activities into the adult pattern. 

The duration of this period was in this instance unknown. Although several 
wood rats were followed from birth up to an age of 104 days, they were at that 
time still within this period. They were adult in some respects such as length 
of ear, length of hindfoot, length of vibrissae, as well as in many of the activities 
such as climbing, jumping, running, but sub-adult in such respects as length of 
head and body, length of head, and sexual activities. Feldman (1935, p. 303 
states, “‘Maturity in body size and sexual development occurred in both forms 
[N. albigula, N. micropus] at about the age of 300 days. At this age their first 
breeding season was at hand.” 

Information gained on the wood rats during this period indicated the final de- 
velopment was a more or less gradual process becoming progressively slower until 
the adult peak was reached. The plateau of maturity was not reached suddenly, 
for some parts of the body as the hindfoot and others previously mentioned at- 
tained their adult size before others. Breaks in this development probably ap- 
peared with the maturing of sexual activities and as the animal was forced away 
from, or voluntarily left, his birth place in search of a new home. Perhaps the 
most pronounced change was in the development of the sexual structure and 
activity. I have, however, little information on this phase of the development 
except that it was during this period that the testes enlarged, protruding back of 
the anus and filling the scrotum. 

The molariform teeth as shown by two individuals, one of 48 days, the other of 
104 days, showed signs of wear; that is, a polish on the enamel ridges. 


SUMMARY 


A study was made of the wood rat Neotoma albigula with emphasis on growth 
and development. 

In captive wood rats the gestation period is more than 38 days; insemination 
occurs in the first 12 days after birth of young, and two is the average litter 

The new-born young are large and pink, shading dorsally to gray. The eyes 
are closed, the pinnae sealed to the sides of the oval shaped head, the legs and feet 
weak, the tail short and fleshy. Four incisors have incurved tips. 

During the first 17 days, or until the eyes open, the body size increases, feet 
assume normal shape, pinnae rise, auditory canals open, and the pelt becomes 
subadult-like. The young spend most of the time attached to their mother’s 
nipples. When the female flees, the attached young bob along behind. The 
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female may take the abdomen of a young between her incisors and by giving a 
twisting pull remove the young to carry it in her mouth. The young walk awk- 
ardly, right themselves when turned over, and seftatch their ears and vibrissae 
ith their hindfeet \ piect of cotton on their backs, stimulates the young to 
turn to their sides and commence pawing the fibers, a reaction typical when 
searching for the mother’s mammae after contact with her body. Urine and 
es are passed when the mother stimulates the genital area by licking it. 
When weaned, 62 to 72 days, the young in color pattern are adult-like, the pelt 


craver and less dens« The body approaches adult proportions; the 





external ears open, the pinnae erect, moveable, furred; the tail lengthened and 


haired; and the incisors normal. Activity, increasing with growth, appears 
commonly in scampering about the cage, digging, preening, examining, nibbling, 
| nd carrying objects. Nursing, though continued, lessens after the following 
litter arrives. The young gradually learn to select and utilize solid food, even 


such items as the cholla cactus. Mouth suckling, although not common, is in- 
dulged in by some young. ‘The young are soon left to void for themselves. Nest 


building and cleaning appear early and seemingly are associated with play. The 


j 


metallic squeak soon discontinues The voung become too large to be cared by 
the female or to be dragged from danger by clinging to her nipples, thus they 
fend for themselves. 


Weaning to maturity (over 104 days) completes the maturing of body form and 
processes Adulthood is reached gradually with some activities and body por- 
tions such as length of hindfoot, length of ear, length of vibrissae, climbing, jump- 


ing, and running, attaining maturity before others 
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MAMMALOGY IN AN EPIDEMIOLOGICAL STUDY OF JUNGLE 
YELLOW FEVER IN BRAZIL 


3y Raymonp M. GiItmMore 


Prior to 1932 yellow fever had been considered as strictly an urban disease, 
carried by the domestic mosquito, Aedes aegypti, in the classic cycle of man- 
mosquito—-man. In 1932, however, the Brazilian Yellow Fever Service, an 
organization maintained by the Brazilian Ministry of Education and Health 
with the cooperation of the International Health Division of The Rockefelle 
Foundation, discovered the disease in a rural area in the absence of Aedes aegypt 
Soper, ef al., 1933). This site, now historic from the standpoint of yellow fever, 
was the Valle de Chanaan, in the State of Espirito Santo, on the east coast of 
Brazil just north of Rio de Janeiro. The discovery marked a departure from 
the then current epidemiological beliefs regarding the disease, by calling for 
serious consideration of a different insect vector and a different vertebrate host 
a jungle inhabitant) and also raised the question of possible control once the 
wild species in the newly discovered cycle were found. 


} 


In late 1935, I joined the staff of the Yellow Fever Service and participated 


in the field investigations, involving clinical, laboratory, entomological, and 
vertebrate zoological aspects, which were begun as a joint operation at a field 


laboratory at Anapolis in the State of Goyaz. Studies were continued ther 
throughout 1936 and 1937; another field laboratory was set up in the southerr 
Matto Grosso in 1937; and in 1938 Fordlandia on the Rio Tapajoz near the Ama 
zon, and the vicinity of Rio de Janeiro were the scenes of continued intensiv: 
field work. 

The solution of the problem of explaining all the epidemiology of jungle yellow 
fever is difficult, and is not yet complete; but it seems probable now (1941 
that the disease is perpetuated by a cycle involving several species of wild 
mosquitoes and various mammals, especially monkeys and opossums. Control 
of these forms is not feasible, and an easily administered and effective vaccine 
has been developed as a solution to the problem of public health protection 

The demand on the zoologist in the beginning was for the collection of speci 
mens of blood serum for an immunity (mouse-protection) test from as man) 
vertebrates as possible, particularly primates. For it had been shown by labo- 
ratory and field investigations, on monkeys and man, that recovery from yellow 
fever infection conferred a specific and lasting immunity in these species. There 
fore, it was concluded that any species of wild animal whose blood sera showed 
a high percentage of immunes, could be seriously suspected of complicity in the 
natural jungle cycle of the disease. This was an indirect method to be sure, but 
the only direct way to pin guilt on a species of vertebrate would be to isolate the 
virus from the circulating blood of a wild-taken individual. This would not be 
as easy, however, as it sounds, because (1) no susceptible animals are known to 
harbor the virus more than a week or so (generally 3-4 days) after infection 
that is, there is no persistent infection, and (2) it would be necessary to guess 
several weeks ahead where yellow fever would occur in the human population 








GILMORE—MAMMALOGY AND YELLOW FEVER 145 


and get critical animal bloods there, because it was shown that susceptible wild 
animals around active human yellow fever cases generally were at the same 
time already immune and without circulating virus in the blood 

Some few vertebrates possess a non-specific immunity due to natural viricidal 
elements in the blood These animals recently have been shown to include 
cattle and sheep, but not primates and marsupials, which have been demon- 
strated by extensive laboratory experiments to acquire immunity only after 
infection with yellow fever virus. The nature of the natural viricidal element 


t obscure 


Is as ve 

It was early decided that the best procedure to get the many blood samples 
desired for immunity tests was to catch the animals alive, and transport them 
to a field laboratory nearby for sterile bleeding, generally from the heart. The 
serum samples were later submitted to a central laboratory for an immunity 
est \ mixture of a mammal serum and living yellow fever virus is inoculated 
in each of 6 white mice after a brain trauma with sterile starch to cause encepha- 
litis. Recovery indicates immune bodies in the serum, and vice versa.) Thus, 
the immediate problem was to work out a technique to catch routinely as Many 
vertebrates alive as possible, and to get an adequate quantity of blood serum. 

An adequate blood serum sample, for the intraperitoneal protection test in 
white mice, was 3 ec, or 6 ec to provide for a retest if desired. Such a relatively 
large amount of blood serum demanded that the smaller mammals and birds be 
caught alive and bled under ether; larger vertebrates could be shot and bled on 
the spot. Often several bleedings on a single small individual were necessary ; 
and the serum from each was pooled. Later. however. when a “‘micro’”’ (intra 
cerebral) protection test was developed, which required but 0.5 ce of serum, and 

hich was much more sensitive, it became possible to test adequately the small 
est of mammals. Research on small birds benefited even more by this nev 
technique 

To obtain the necessary amount of blood serum, special equipment, technique, 
and organization were required. ‘The equipment consisted of live animal traps 
and accessories, transportation cages, bleeding and sterilizing apparatus, field 
bleeding outfit for victims shot, and paraphernalia for preserving specimens of 
all kinds in all ways. The organization consisted of a group of men to run trap 
lines; transport animals, men, and bait; care for animals; and aid with bleeding 
and sterilizing and with the preserving of specimens of vertebrates. The train- 
ing of the necessary four to six men was so arranged that the absence of any one 
did not cripple the work 

So much by Way of explanation Now to things of more direct interest to 


mammalogists and epidemiologists. These I consider to be, among many items, 


|) traps and technique used in capturing live mammals of all kinds in quantity, 
2) documentation of the individual animal by means of an original record sheet 


or protocol, (3) growth studies, (4) data on movement of cebus monkeys by 
release and recapture of marked individuals, (5) temperature records, (6) collec- 
tion of ectoparasites, and (7) problems arising from the work of scientific identi- 
fication of the material and from the compilation of laboratory handbooks to 
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be used by investigators in gaining a basic knowledge of mammals for epidemio- 
logical research in South America. Such subjects as transportation, caging, 
feeding, bleeding techniques, field sterilization of instruments, preservation of 
specimens, the use of a dermestid beetle colony for cleaning skeletal material, 
and ecologic studies I shall deal with lightly. 

The field studies were made under the auspices of the Cooperative Yellow 
Fever Service maintained by the Brazilian Ministry of Education and Health 
and the International Health Division of the Rockefeller Foundation. 


TRAPPING LIVE MAMMALS 


For trapping mammals (and other vertebrates) alive, four standard types of 
traps were adopted after much trial and error and invention. These were sup- 
plemented by a half dozen special types. 

The requirements of the “live” traps were these: (1) Efficiency—they had 
to catch; (2) durability—they had to hold unusually strong and destructive 
animals and stand the wear and tear of transportation and rough use over long 
periods of time; and (3) portability—they had to be collapsible or dismountable, 
if large, for convenient transportation in quantity by any means whatsoever 
horse, hand, or motor car. Along the trap line of a mile or more, actual man 
power was necessary to transport them. 

The four types of live animal traps which were finally adopted for general 
use were (Pls. 1 and 2; figs. 1-3): (1) the small rodent trap, (2) a medium home 
made screen-wire model; (3) the larger National Live Trap Company improved 
folding trap; and (4) an even larger dismountable homemade box trap for 
monkey catches on tree platforms. In addition, Bailey leg-hold traps, pit- 
traps, tin-can traps, trammel nets, and especially large pole traps were used 

Two of these four standard traps, the small rodent and the large box trap, 
have gravity fall doors; the other two, the medium screen-wire model and the 
folding trap, have spring-actuated doors. All, however, have the false-floor 
principle for a trigger. ‘The animal does not have to take the bait; it just has to 
investigate far enough to get caught. A fifth type often used was the large 
pole box-type trap. It was made of stout poles, had a gravity fall door and 
false floor, and was constructed only in localities to be trapped for several 
months or more (see fig. 4 

It must be remembered that these four main types were in almost constant 
use daily, for months and even years. They were responsible for at least 75 
percent of the 5,000-6,000 vertebrates captured in the course of the investiga 
tions, and thus are proven traps, not gadgets. 

The most interesting trapping was for arboreal mammals—monkeys, porcu 
pines, kinkajous, and certain rodents. Traps, principally the large demount 
able box-traps, were set on platforms in the trees at localities where passage ol 
arboreal animals was most likely, or where evidence, in the form of corn-husks, 
indicated habitual depredations on an adjacent cornfield by monkeys. Cebus 
monkeys were the main catch, and were taken in quantity—126 in one locality 


in two vears; 72 in another locality in eight months. Many cebus were alse 
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PLATE 1 
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caught in ground traps. The surprising ease with which this monkey was 
trapped was due to its abundance, inquisitiveness, and dominating aggressive 
behavior. When individuals were accustomed to man, as they were around the 
cornfields in the sparsely wooded areas of southern Brazil, they rarely showed 
hesitation in entering traps to rob the corn and banana bait; and as many as 
three have been caught, on several occasions, in the same trap at the same time. 


In uninhabited areas, capture was not so easy, and time was necessary to accus- 


tom the monkeys to the traps. 
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Fic. 1. Plans for construction of small rodent trap if one desires to make rather than 
purchase it (measurements in metric system 


Marmosets were also caught in some numbers. However, aside from cebus 
and marmosets, the only other monkeys caught were two howlers. Other mon- 
keys were never taken in traps; but then, little trapping was done continuously 
on a large scale away from the planalto region of south central Brazil, which is 
inhabited only by cebus and an occasional band of howler monkeys. 

Aside from these interesting aboreal catches, the other trapping was on the 
ground, and produced the usual run of many types of small rodents and opos- 


sums, with an occasional large rodent or small carnivore. 
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Fic. 2. Plans for construction of medium-size screen wire trap. (Galvanized screen 
wire and sheet-metal, sensitive, efficient, light and strong All measurements in centi 
meters Directions l Fold screen-wire ol body and sew at one edge witl #24 gal 
vanized wire [ se this edge for one side of bottom 2 Place rims of metal around mout! 
and rivet. Bend up bottom front edge and overlap metal rims at sides and rivet. Mout! 
should be rigid and square 3) Wire the prepared metal door to snap of rat trap so that it 


swings easily wit h no more clearance of coiled spring than necess: 


ry, and so that upper edge 
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RECORDING OF DATA 


The second item of interest to mammalogists, and one which I believe to be 
more importance, is the protocol record for the documentation of the data 
ff each animal examined and bled. The word protocol has been adopted as 
the best English equivalent of the French Protocole and Fiche de Documentation, 


uese Ficha, Spanish Ficha, German Protokoll. Rode (1937) discusses the 
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Fr | Plans for nstruction of large demountable box trap Door must be of metal 
‘ Swe g in wet weather Frames of sections must be on outside when mounted 

offer no wooden surface to animal for destruction (measurements in metric system 
alue of such records in field work and gives a sample of one used by the Muséum 
National d’Histoire Naturelle, in Paris Chis animal protocol, like the medical 


protocol, was a case history and post-mortem record of the individual, whether 


it was saved as a specimen or not. It was originally a short epidemiological 


netal door is } em below and parallel to rat trap base when same is held at right angles 


Or 1) Place door in position in body of trap with rat trap base flat against roof and 
flush with front edgé Mark position of holes (already punched through metal rim of mouth 
top) on rat trap base Remove, drill for screws, r¢ place and attach securely by screws 

5 und attach wire locks for door 6) Hang trigger 7) Put in false floor just 
beyond middle of trap. Test functioning of door, locks, trigger, and false floor. (8) Put 


in sheet metal flooring in front. This is necessary to prevent powerful animals from hook 
ing claws through screen wire of floor and forcing the door (9) Put on handle. (10) Sew 


on back, without altering squareness of front 
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record of mammals bled for an immunity test; later it was developed into a more 
complete record for any vertebrate, and contained additional spaces for details 
of the structure, behavior, and ecology of the animal in order that we might 
know it better in the field. We had little knowledge of the vertebrate fauna 
to start with, and the literature was inadequate for field work. We had to 
learn the animals from specimens, living and dead, by examining and comparing 
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Fic. 4. Plans for construction of large pole trap (measurements in metric system 
This is a solid permanent trap which can be neither demounted nor moved from the spot of 
construction. Hence it is justified only when large animals are desired from a locality to 
be occupied for at least 3-4 months, and only when a very favorable spot can then be found 
Will catch and hold anything from agoutis up to peccaries, ocelots and giant maned foxes 
Try to cut all the poles needed at first. Place corner posts, using a small tree for one; lay 
floor, then sides, back, door, trigger gadgets, and lastly the roof. If a live bait compart- 
ment is desired, and it is strongly recommended, cut the side poles long enough. Top poles 
must be removable from the outer edge one at a time to stir up recalcitrant victims, and to 
make repairs on the trigger, which will often be necessary. 


them in detail; and soon we came to know each species by its morphology, 
behavior, ecology, and common name. This was necessary because we had to 
distinguish each species in the field, designate it consistently by the same com- 
mon name, and thereby be able to tabulate our results, from time to time, accord- 
ing to species. A simultaneously functioning dermestid colony cleaned up skulls 
and skeletons, and enabled us to check our species, previously diagnosed on all 
the external characters we could find, on osteological characters as well. The 
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scientific identifications always remained a secondary matter in the field, though 
later on, when they were determined, the details on the protocols again proved 
of immense value and interest in giving more details than usual for the deter- 
mination and definition of natural morphologic groups and units, and then 
identifying a name in the literature as applicable. Other important reasons for 
adopting a detailed protocol were that many identifications had to be made from 
them alone, as it was impossible to save e' ery specimen collected; also, certain 
of the data had to be correlated \ater with those of clinical case histories and entomo- 
logical captures to obtain a complete epidemiological picture in the locality. 

This protocol required the collector to observe and enter data that were 
otherwise usually overlooked, but that were obtainable only on the living animal 

the gross fresh carcass at the time and place of capture. As lately used (it 
has been changed several times from the original as drawn up in Brazil), the 
protocol for mammals contains the following primary entries: Common name, 
field number, scientific name, locality in detail, date, habitat and means of 


apture, sex, condition of genitalia, weight, measurements on unskinned body 


and skinned carcass, mammae, embryos, tooth count, age characters, age esti- 
mate stomach contents. parasite & abnorn alities, and disposition of specimen. 


In addition, there is occasionally such secondary information as notes and 


ske teh Ss on foot-pads, rhinarium, vibrissac of head and carpus, ear, genitalia, 


I te. skin glands, tail scales, temperature, mammae arrangement, rib and tail 
rtebrae counts, color of iris, behavior, ete. Further information can be added 
the protocol later when the skin, skull, skeleton, or preserved carcass is 
studied in laborato1 
The primary data were filled in for every specimen, but not the secondary 
details These in the form of le neth, not and sketches, wer made on the 
first few individuals taken, and on a few later selected ones of each species, in 
order to gain an adequate idea of sexual, age and individual variation Sketches 


vere oI nd ta he he st placed on an atta hed shee t of drawing paper oO! bristol 


board, so that they could be inked in then or later, and used directly for publica- 
tor so desired Photographs were included, and as many as possible were 

in the field on fresh material \ tripod was always available, and it is 
now believed that a demountable copying stand, for photographing small objects, 
should also have been included in the minimum requirements for special acces 
sory photographic apparatus. 

It is to be noted that all this information was included on our last protocol 
only, and realized in its entirety only by myself. It was found to be somewhat 
complicated for non-professional vertebrate zoologists, although the scantier 
data that other collectors entered always were of value Our conditions of 
work, involving field laboratories occupied for a long time, with cages for the 
live subjects and an ice box for the dead ones, were ideal for complete study of 
the specimens. The application of the protocol, for the recordation of complete 
and accurate data in the field, also thoroughly brought out the fact that such 
data are as important as specimens in the ultimate usefulness of the collection 


and its identification, and that mere numbers of specimens alone do not con- 
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stitute a successful field study. However, even with extensive protocol records, 
over 2,000 specimens were saved by all field parties over four years’ time, and 
adequate series of most species were available for identification. A specimen 
was not considered as merely a skin and skull. Skeletons and salt-formol speci- 
mens of both sexes were also preserved ; and, routinely, the long bones and scapula 
on one side, plus clavicle and baculum when present, were saved with the skull. 
A certain few common species were collected from the same locality in series of 
50 to 100 or more in order to get key series that would include all age groups of 
both sexes. These key series with complete data are essential for an analysis of 
variation of a single population, for they enable the problem of subspecies and 
species to be better understood. 


AGE GRADES OF MAMMALS 


Previous studies of age grades of mammals were found to be rare, and such 
were not realized by us as early or as completely as they might have been. It 
soon became apparent, however, that by knowing the approximate ages of 
mammals at the time of capture and bleeding, the recentness of the occurrence 
of yellow fever in an area could be judged, if it had occurred at all. For instance, 
in dealing with a large number of the critical primate and marsupial blood sera 
from an area not represented by human samples, no immune samples might mean 
that there had been no yellow fever for many years (15 or so); immunity in 
samples from animals over 2 years of age only might indicate yellow fever pres- 
ent up to 2 years prior to collection; and immunity in all age groups would 
suggest that yellow fever was present at the time of collection and was perhaps 
endemic. A similar procedure is commonly used in analyzing collections of 
human bloods, with more accurately recorded ages. It is believed that animal 
blood surveys on susceptible species in certain critical areas where it is impossibl. 
or exceedingly difficult to get human blood, can be used to detect the presence of jungli 
yellow fever. At present this may have application in the movement of armed 
forces or the establishment of military bases in the tropics of South America 
or Africa. 

Growth rates were determined both by direct and by indirect methods— 
although each depended upon some easily observable change in morphology such 
as tooth replacements primarily, and suture and epiphyseal closures secondarily. 
The tooth changes were of course the best, because they were observable on the 
living animal or discarded carcass; but unfortunately these changes are non- 
operative after maturity. 

As an example of the method used in directly determining growth rates, the 
cebus monkey may be used. This animal is important because of its close, 
direct tie-up with jungle yellow fever, and its abundance. Ten different indi- 
viduals were reared or retained in captivity and observed for periods of time 
ranging from six months to two years. Four more were born in captivity, prob- 
ably prematurely, and soon died. The tooth counts and changes of all that had 
been noted were fitted together, and the following were the conclusions (the 
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species observed was the Tufted Cebus, like Cebus fatuellus, from Anapolis, 
South Goyaz, south central Brazil): 

Infant 1 age grade (incomplete deciduous dentition): 1 to 6 or 8 months. 

Infant 2 age grade (complete deciduous dentition): 6 or 8 to 14 or 18 months. 

Juvenile age grade (mixed deciduous and permanent dentition): 14 or 18 to 
36 or 40 months. 

Subadult age grade (incomplete permanent dentition—sometimes an omitted 
stage due to replacement of milk canines after eruption of last molar, M#): 
around 36 to 42 months. 

Adult age grade (unworn complete permanent dentition): 3 or 33 to 8 or 10 

Old adult age grade (worn permanent dentition): 8 or 10 to 15 or 20 (?) years. 

The infant and juvenile age grades were further split up into time intervals 
by data on the replacement and eruption of individual teeth. 

It is of interest to note that this scheme was worked out at the end of two 
years of study on the first nine live individuals, which did not include one born 
in captivity. The actual age in months and years of these first nine young 
cebus was indirectly estimated on breeding season data (young are born generally 
from September through December). But a tenth live specimen, taken on the 
mother’s back when but two or three weeks old, and raised for 15 months, filled 
in the critical gap and gratifyingly confirmed the previously estimated ages of 
the later growth stages of the others 

An example of growth rate and age estimate by indirect methods (not rearing 
subjects for long periods for observations), is afforded by the white-eared common 
opossum (Didelphis paraguayensis) in Anapolis, 8. Goyaz, 8. C. Brazil. sy way 
of necessary explanation, it must be stated that the didelphoid opossums pass 
through the following post-pouch age-grades based on tooth changes: Jwvenile, 
with the only deciduous tooth, DP # (the third in the jaw), still retained, and 
permanent M 4 not erupted; subadult, with permanent P #, but still without 
M 4; adult, with complete permanent dentition, I 3, C +, P 3, M4. Also of 


alue is the information that Didelphis generally has two litters of young a year, 


1 1 


¢ 
ol 


it 35 months apart 

Information on 430 protocols and 206 specimens (from two localities; one for 
two years, the other for eight months) showed: (1) that females with young in 
the pouch were taken in seven consecutive months of the year; (2) that juveniles 
with deciduous P %, and subadults with permanent P 3, appeared in the traps in 
two “waves” during the year; (3) that the juveniles appeared from four to eight 
months after the females had their first and second litters; and (4) that the sub 
adults appeared from 6 to 10 months after the females had their first and second 
litters. Thus the juveniles were up to six or eight months of age; the subadults, 
8 to 10 months old; and the adults, from 8 or 10 months on up to probably three 
or five years. 


These are two examples of our growth rate studies. There was similar con- 


crete information taken on many other mammals, but this has not been com- 
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pletely worked up. Complete growth rate studies are uncommon but important 
enough to make it seem advantageous for zoological gardens with a technical 
staff to study their live, or deceased and preserved captives, and thereby make 
substantial contributions to the subject, even though the data might be taken 
under abnormal conditions. 

In presenting information on growth rates, it was found to be necessary to 
explain the development and change of dentition in detail and to include as 
many photographs as possible, because the teeth must be thoroughly understood 
in order to distinguish the deciduous from the permanent. ‘Tooth counts and 
analyses are in reality difficult enough to require the observer to be a specialist 
in the matter. 

For animals that show few, if any, changes in detition during growth, close 
analysis of suture and epiphysical closures and ossification of carpal and tarsal 
bones is necessary to determine age. This is also the case for the tooth-replacing 
animals after the last tooth eruption has occurred. 


TERRITORIAL MOVEMENT OF CEBUS MONKEYS 


The data on this subject were based on the release and recapture of marked 
individuals. About 50 cebus monkeys were tattoed and released, and at least 
half recaptured (some more than once, and one eight times). However, many 
of the results were rendered of less value than if the releases and recaptures could 
have been made consistently in reference to the home territory of the individual. 
It was often necessary to move the trap line some distance to other localities 
that appeared to be more important in the studies of yellow fever. Neverthe- 
less, there were results of interest. We did find that most of the cebus were 
definitely territorial-minded, though some few did a great deal of wandering for 
one reason or another, natural or otherwise. The greatest accurately checked 
distance moved was 5-6 km. In several cases, in one locality, this distance was 
covered by cebus moving out of their home territory where they were originally 
trapped and released; in other and more cases, in another locality, a similar 
distance was traversed by individuals returning to the site of original capture, 
their home territory, from sites of release some distance away. More important 
than our inconclusive results, however, was the suggestion that this line of work 
is a very desirable one to carry out in more detail when conditions such as ours 
may be available to a mammalogist in the future. 

The relation between animal movement and yellow fever is this: A phenome- 
non of jungle yellow fever is its movement, either by steady progression or jumps, 
from place to place. The character of jumping, sometimes a matter of scores 
or hundreds of miles, has not as yet been explained—it was at one time thought 
that birds, such as buzzards, carried the virus over long distances. The steady 
progression of yellow fever through a region, however, may be explained by 
contact of one population, band, or single animal with another near by, wher 
conditions are favorable for transmission of the infection. But the speed with 
which yellow fever infection sometimes moved in this way suggested actual rapid 
and extensive movement of infected animals themselves. No vertebrate, how- 
ever, has yet been incriminated as a traveling carrier. 
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BODY TEMPERATURES OF MAMMALS 


Such information was considered of value, because laboratory experimentation 
on any animal for disease susceptibility (and many of the animals captured for 
a blood sample were so used later) generally involves consideration of the normal 
temperature in order to determine fever conditions. To obtain this basic infor- 
mation a temperature reading was taken on each live specimen as it was bled 
under ether. To render each reading as “normal” as possible, the animal was 
handled as little as possible. This means that it was never seized with the 
hands, nor excited unduly, unless absolutely necessary. Generally it was passed 
from the sack or cage, in which it had been brought from the trap line, directly 
to the ether jar. Large and unruly animals were passed from cage to sack, and 
etherized therein. Such technique also prevented injury to the animals, as well 
as wear and tear on the assistants’ hands, both being important considerations. 
Also, to gain a better idea of normal temperatures, certain tame animals wer¢ 
sometimes tested for temperature without any excitation, etherization, or bleed- 
ing; and certain recently-captured wild animals were tested before, during, and 


er etherization and bleeding. Results showed no constant significant dif- 


ference from regular readings taken under ether at bleeding, except in some 
ases where slight depression of temperature was noted several minutes after 
heavy etherization. 

\]l temperatures were taken rectally, and were recorded in degrees centigrade. 
Insertion of the thermometer to bury completely the mercury bulb was far 
nough. For most mammals, an ordinary veterinary thermometer was used; 
ut for other mammals whose temperatures were normally under 35°C., a special 
hemical thermometer was used. Those mammals which registered low tem- 


peratures, from 30-36°C., were sloths, armadillos, anteaters, and most opossums. 


The other mammals, bats, monkeys, marmosets, rodents, carnivores, and ungu- 
ites, registered from 36-39°C. 


mperature records were arranged as a list of readings, taken directly 
from the protocols, in a frequency distribution, so that the spread from mean to 


emes was visible at a glance. Condition of taking was also noted. 


COLLECTION AND PRESERVATION OF ECTOPARASITES 


\s yellow fever is an insect borne disease, and as jungle yellow fever is known 
have a cycle without the domestic mosquito Aedes aegypti, an intensive search 
for any and every other possible insect vector was included in the investigations, 


ectoparasites of vertebrates received attention. The collection of mam- 
malian ectoparasites was done at time of bleeding for a serum sample. While 
the mammal was under ether it was combed and searched and the ether jar was 
inspected for every ectoparasite. These (all species and individuals found) were 
immediately placed together in alcohol in the same glass tube that contained a 
label inside with number and name of the individual host. The number was 
the same as the serum number, protocol number, and the number of the specimen 
if it was saved. The parasites were put in the tube between layers of cotton to 
prevent abrasion. Later each tube, filled with alcohol, was placed in a wide- 
mouthed Mason jar between cotton pads, and the whole jar was filled with alco- 
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hol. This prevented evaporation from individual tubes and subsequent desic- 
cation of the specimens. 

The bleeding and parasite inspection of each animal took place the day on 
which it was caught, and immediately after it was brought to the laboratory. 
Also, cages and sacks were washed frequently with lysol, and different species of 
mammal were not mixed together during transportation. These factors rendered 
the collection of ectoparasites as reliable as could be expected. 

Dead parasites, to be sure, give only an idea of which ones infest certain ani- 
mals. Actual transmission of yellow fever was tested on live batches of the 
parasites submitted to the experimental part of the field laboratory when it 
was equipped to handle this work. 


PRESENTATION OF TAXONOMIC INFORMATION 


This required special consideration because: (1) a selection had to be mad 
of the mammal groups, a knowledge of which would be of most use to the yellow 
fever laboratories, and (2) the presentation of this information had to be don 
in such a manner that understanding would be complete for the non-professional 
mammalogists in the laboratories and the field. 

Results of immunity tests showed that the mammal groups most intimate 
connected with jungle yellow fever were Marsupialia and Primates. Hence, 
these two orders were subjected to a more thorough study than the rest, and a hand- 
book for field identification was drawn up for all the South American representa- 
tives of these two groups. These, and other vertebrates, were represented by 
about 6,000 laboratory protocols, and about 2,500 specimens, of which about 
2,200 were mammals; 250, birds; and 50, reptiles and amphibians. One and one- 
half years were assigned to the task of identification and writing. 

The American Museum of Natural History in New York, by invitation of 
Dr. H. E. Anthony, Curator of Mammals, kindly offered its facilities of good 
comparative material and complete library service. Here the birds were turned 
over to Dr. J. T. Zimmer, and the reptiles and amphibians to Drs. H. Bassler 
and C. M. Bogert. To all these men, especially the latter two, who gave much 
of their time, sincere acknowledgment is hereby made for assistance rendered 
The mammals remained with the writer. 

It immediately became apparent in the presentation of the taxonomic inform: 
tion, that certain principles were to be observed to keep misunderstanding and 
misidentifications at a minimum for the laboratory or field worker. These were: 
(1) The subgroups (families, genera and species) of the orders involved must b 
discussed in their entirety. Relationship and relative degrees of differences plus 
total ranges are essential for the understanding of any species, genus, or family 
Very few papers on mammalian taxonomy, even written by professionals, are 
complete in any of these respects. (2) Clearcut definitions of scientific names 
must be established before the names are used in an absolute sense. 

To accomplish these ends, the following outline of presentation was adopted, 


and the following parts included: (1) The best English vernaculars, and all 
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known indigenous names; (2) a complete diagnosis with definition of all the sali- 
ent characters; (3) a list of the most important synonyms; (4) as many illustra- 
tions as possible, in the form of photographs and sketches; (5) total number of 
specimens examined or recorded in the literature, and their localities; and, (6) the 


original description of the species, with original illustrations sometimes photo- 


stated (this gave the real reason for using the names). All changes from the 
generally accepted classification and nomenclature were explained, and the rea- 
sons given Also, those forms that could not be classified easily were listed 
as of indeterminate status; no attempt was made to clarify the taxonomy by 
omitting or falsely simplifying the difficult parts. 

No keys were used because it was found that animals were better understood, 
for the uninitiated, through a knowledge of all their salient characters, made 
evident in the form of a diagnosis. A key emphasizes but one or two characters 
which mav b 


e obscure or unimportant, while a diagnosis defines the animal as a 
whole, which is what it is. In making these diagnoses, the protocols were of 
special value (in addition to their original purpose of species discrimination in 
the field), because they gave reliable first-hand information on the morphology 

the soft parts, on weights, temperatures, etc 


These data are those most 
frequently unrecorded and hence generally unknown, but often they are as 
important as the standardized osteological, size, and color characters taken 
from the usual skin-and-skull-only specimen, and nearly always more valuable 
n field identification. The photographs of the living or dead animal and the 
sketches of the anatomical features were, of course, as valuable. 

It proved well worth while, therefore, from more than one standpoint, to spend 
time in the field on a detailed study of the living or freshly dead specimen. 

The importance of standardized common names also became evident. Experi- 
ence in the field had showed conclusively that a knowledge of indigenous nar 


for mammals was of immense value for local communication and experience wi. 
echnical reports indicated that sensible, oft-used English equivalents for groups 


and species were often more definite than the scientific names. Hence, every 
effort was made to include all known local indigenous names and to use stand- 
ardized English vernaculars. When such English vernaculars were absent or 
numerous and highly variable, one was invented or selected, but only after a 
knowledge of all related groups and species had been gained, so that there would 
be no confusion in the meaning and use of the adopted name. 

Due to the mass of scattered incomplete literature on South American ani- 
mals, and the very large collections in the American Museum of Natural History 
for example, about 800 Cebus, 525 Alouatta, 1,000 Proechimys, etc.), specimens 
came first in the studies, and the literature second. But an effort was made to 
consult all the best and most complete papers and all the original descriptions. 
Identification by locality, e.g., the use of the name of the geographically nearest 
described and most closely related animal, without regard to the validity of the 
name in the face of the actual structure of the group, was not done when there 
was time to analyze the morphologic structure of the whole group. 
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Likewise, mere variation, without regard to its relative value or weight in 
its own group, was not emphasized. 

An incomplete example of this procedure in taxonomic presentation was 
attempted in a report on the marsupials of eastern Colombia (Bughen, Boshell, 
Roca, and Gilmore, 1941). Here it is believed that the method used leaves no 
doubt as to the actual identity of the animals involved. 


TRANSPORTATION, CAGING, FEEDING, BLEEDING, STERILIZATION, PRESERVATION 
OF SPECIMENS, ECOLOGIC STUDIES 

These subjects will be outlined only briefly. A complete discussion would 
occupy many pages and require many figures. 

Transportation was done from trap line to laboratory in tandem screen-wir 
portable cages with sliding and lockable doors, or by sacks. Cages were better 
than sacks because ventilation was better, but they were bulky and for the larger 
animals sacks were the rule. Sacks are efficient for imprisoning animals becaus 
most species do not attempt to chew or claw out of yielding walls in the dark 
Cebus monkeys are, however, an exception to this rule. 

Caging was done in a variety of cage types, but all were designed to provid 
room for some exercise and a nest box, and the doors were so made that place- 
ment and extraction of the animal was most efficient, and escapes wert 
minimum. One large vivarium for many cebus monkeys was constructed and 
served well; tandem shelter boxes with sliding doors on a raised platfe rm wel 
also used for catching and sorting monkeys. Whenever possible, ordinary cages 
were collapsible or were made in demountable sections to facilitate transportation 

Feeding involved utilization of what the local supply had to offer, but variet) 
of type and regularity of time were two principles observed. Bananas and con 
kernels were the principal items, with meat scraps, whole mice and rats, st 
cane, milk, eggs, and cooked rice and potatoes supplementing. Certain fev 
animals required special diets, such as termite ants (in the mounds) for ant- 
eaters, and a milk-egg-chopped meat-cooked rice ration once each evening fo1 
nine-banded armadillos. 

Bleeding for a serum sample was generally done from the heart, except o1 
larger forms where the femoral artery was utilized. All subjects were bled unde 
ether, and the trauma of puncture, when this was properly and quickly done 
was rarely severe enough to cause death even in rodents and marsupials of a 
weight as low as 25 grams. 

Sterilization of syringes, needles, tubes, ampules, pipettes, etc., was don 
exclusively in a Pasteur dry sterilizer. Syringes were wrapped in especially 
tough but thin paper, needles were placed in cotton-plugged glass tubes, glass 
tubes for blood were stoppered with cotton and left uncovered, ampules like- 
wise, and pipettes were plugged at the mouth-end with cotton and placed in 
copper containers. All were subjected to 170°C. for 20 to 30 minutes, then 
150°C. for another half hour. Higher temperatures char paper and cotton. 
Heating was done with a gasoline primus stove. The sterilizer was demountable. 
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These instruments remained sterile when placed in proper containers, and 
hence were ready for use on an instant’s notice. Contaminations were less than 
| percent, and were not always due to the condition of the instruments. 
desirable mammal specimens fo1 


The preservation of a proper number of 


identification was done in such a manner that the least amount of time was 


spent in insuring a perfect and permanent result. Small species were made up 


into study skins on the spot; larger ones were dried in shape, hair side out, and 


then wrapped in strong paper with paradichlorbenzine crystals. Both large 
nd small types were disinfected with carbon bisulfide or carbon tetrachloride 


before wrapping or packing away with crystals of repellent; and both were 


thoroughly cleaned of grease and dried as preliminary steps By these 

means, no losses from insects, molds or fat burns were experienced 
‘he skulls and skeletons were dried and cleaned at once by a colony of der- 
me stid bee tle Ss that Was Carrie d around in a wood n gasoline case provided V ith 


trays and a tight lid. In this way nearly all cranial and skeletal material was 
cleaned in the field, and there also boxed or vialed The amount of hely this 
onferred upon subsequent treatment of the collection for study in a museum 


vell be realized. Cheesecloth sacks separated specimens in the bug box: 


tags were of lead, aluminum, or imitation (treated) parchment paper only: bugs 
eat true parchment along with the flesh of the specimen 


In extremely wet weather, especially during continual dampness artificial 


heating was used to dry skins and skeletal material, and keep the dermestid 


colony going 
For pickled whole specimens, a solution of saturated salt—2 percent formol 


was used. This preserves well, without stiffening the material, and is devoid of 


the usual irritating formol odors 


he preservation of specimens for absolute identification in public health in- 
stigations 1s generally an acute prol lem, because trained field zologists aré 
ote! bsent, and because the techniqui is { special one. With this in mind it 
suggested that the documentation of every specimen bv a protocol, with a 
lew skins temporarily preserved by thorough drying in shape and the saving of 
PVT skull ot every diffe rent recoqn zabli ] nd. des anated consist ntly by t} same 


common name, will enable identifications to be made at a later date with a certain 
amount of surety. A bug box, functioning in the field, will permit identifica- 
tions, or at least the distinguishing of different t) pes, to be made on the spot. 
It is extremel\ important to recognize every different kind of mammal in the 
field, no matter how obscure its characters may be: and then designate it con- 
tently by the same common name, borrowed from the local inhabitants or 
invented. Instances of confusion have often resulted from failure to observe 
the field. 


The biologie and ecologic studies included, besides the mentioned growth 


these principles of close identification and consistent designation i 


relative abundance, habitat, and any factors that have direct relation with the 


rate, territorial movement, temperature, and parasite studies; also the data on 


mammal and a possible insect vector, especially the mosquito. The trapping 
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activities, organized by ecologic associations and run morning and evening, and 
the retention of animals in captivity, with the use of some for mosquito bait, 
were the main lines of activity to provide such data. This work can be con- 
centrated and augmented on certain species when these, by a high percentage of 
immunity in yellow fever areas and by a specific susceptibility in the laboratory, 
show that they are probable hosts. 

In conclusion, I wish to say that all these discussions of techniques, procedures, 
and summarized results have been intended primarily to show how mammalogy, 
on this occasion, was specifically fitted into a medical research program. Work- 
ing with the usual knowledge of morphology and natural history of mammals, 
specimens were caught alive, bled, tested for temperature, examined, caged, re- 
leased and recaptured, marked, reared, and saved as studiable specimens with 
complete data. It is hoped that these applications may be of interest to th 
pure research mammalogist 
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NOTES ON THE BREEDING HABITS OF THE EASTERN FLYING 
SQUIRREL (GLAUCOMYS VOLANS VOLANS 


By Dwicutr E. SOLLBERGER 


Detailed information cone rning the breeding habits of the eastern flying 
wirrel (Glaucomys volans volans) cannot be found in the literature Sufficient 
lata have accumulated to show that more than one litter may be produced each 


vear, but considerable disagreement still exists on even this fundamental phase of 


the animal’s life. Audubon and Bachman (1846, p. 218) mention having seen 
young in May and September. Langdon (1880, p. 23) observed a litter with eves 


unopened on September 7 Wood (1910, p. 535) says that they are said to pro 

single litter each year in the north, but as many as three in the south. 
Evermann and Clark (1920, p. 478) observed litters in April and August Howell 
1918, p. 8) concludes that a second litter may be produced in August or Sep- 


tember Brimley 1923, p. 263 records litters for September and March in 


North Carolina Various other writers are of the opinion that only one litter is 


The present study shows that one mating takes place in late February or early 
March, and another in July The evidence for the time of breeding was based on 
: 


litters taken under natural conditions, gravid females collected under natural 


conditions and later bearing their voung in captivity, embryos taken from trapned 


females, and nursing females that were collected. No females mated more than 


once during a year in captivity (Tables 1 and 2 Early in the study it was 

rned that the eyes of the young opened 28 days from the time of birt It was 
ilso learned that the period of gestation is 40 days With this information it was 
possible to approximate closely the date of mating when a litter with unopent d 
eves was collected $y this means it was estimated that of a total of 24 matings 


known to oecur under natural conditions, 12 took place in February, 9 in March, 
2 in June, and 1 in July In addition, 11 nursing females were collected on the 


following dates in 1937: September 12, September 16, September 19, Septembe1 


22, and October 5. One female with four embryos was taken on September 14, 
1937 Sines only 13 females in all were captured, and eleven of this number wer 


nursing, the assumption that a second mating occurs in July seems justified 
The young of a spring mating were observed to shift for themselves after six 
weeks of nursing. At this time they were able to develop to maturity when 
removed from the parent, although in the natural state I observed considerably 
older animals with the parent. The length of the period of development does not 
preclude a third litter, but I have no evidence that such is the case. 

Two captive females were observed to be in heat in July, but no litters r sulted 
neither case One party in East Palestine, Ohio, from whom | purchased : pair 
of flving squirrels, stated that the male of the pair was one of a second litter born 
inSeptember. The first litter was born in April. Testes of captive flying squir- 


rels descended in late January and early February, and were retracted i 


Sep- 
tembe Wild males with testes descended were taken from early March until 


September. 
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REPRODUCTION 

Oestrous.—One female was taken showing the characteristic signs of oestrous. 
Thirty-nine days later this female gave birth to a litter of two. Ten captives 
were observed to come into heat during 1936 and 1937. Six of these females 
mated and bore litters. One was kept from males in order to make vaginal 
smears, and three bore no litters. Three litters were born in the spring of 1936 
and three in the spring of 1937. The time of oestrous, mating, parturition, and 
the period of gestation are summarized in Table 3. 

Oestrous can be recognized in flying squirrels by the changes in the appearance 
of the external genitalia. For the greater part of the year the opening of the 
vagina is closed by a membrane. The parts are flesh-colored and flaccid. 
Only a faint line marks the suture that will open when the animal is in heat. 
As the time of oestrous approaches, the lips of the vulva swell until they are 
approximately five times their normal size. The vulva becomes a reddish pink. 
When the swelling reaches its maximum, the lips part spontaneously to form an 
opening about 4 mm long. Six females in this condition mated and bore litters, 
Vaginal smears showed a large number of cornified epithelial cells. One femal 
that was perforate was kept from the males for the purpose of taking a series of 
vaginal smears to learn the nature of the period if the animal were not allowed to 
mat In this female the swollen and turgid appearance persisted for five days 
and then subsided for eleven days. At the end of this time the swelling again 
became evident, and cornified epithelial cells were again noted. During the 


period of decreased swelling cornified epithelial cells were greatly reduced it 


number. When the swelling was most prominent, the vaginal smears wer 


opaque, and it was not necessary to stain the cells to see the difference: 


+ 


almos 
Following the second period of swelling all signs of oestrous disappeared and did 
not reappear until one year later in the spring of 1937. This female then mated 


Tt 


and bore a litter. Further study of the oestrous cycle was discontinued di 


the difficulty of securing a sufficient number of female squirrels. 

After mating, the enlarged condition of the vulva gradually disappeared 
This required from five to eight davs. Th periorate condition persisted 10! 
four to five weeks following parturition 

In the males the testes of some captives appeal descended or partly descended 
throughout the year. The testes of wild males taken in October, November, 
December, and January were not descended. No males were taken in February, 
but males captured from early March until September had descended testes 
More than a month of variation was noted in the retraction of testes of captives 

Courting and mating.—Kelker (1931, p. 166) observed under natural conditions 
a pair of flying squirrels in amplexus on March 12, 1930. I have not observed 
flying squirrels mating under natural conditions. Under captive conditions 
male flying squirrels respond quickly to the presence of a female in heat. A 
female placed in a cage with several males was pursued almost immediately. 
She did not respond to their advances, but kept several feet distant. Occasion- 
ally a male would vibrate his hind quarters up and down very rapidly and kick 


backwards with a rapid motion of the rear legs. This was done when the femal 
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was two or three feet away. The female squealed when approached and ran 
away. This behavior was continued for an hour with interruptions for feeding. 
After more than two hours had elapsed, an attempted mating took place, but 
the female did not appear to accept the male. The animals were allowed to be 
together over night, and in the morning abundant spermatozoa in the vaginal 
smear showed that mating had taken place. The gestation period was dated 
from this mating until partus. 

Behavior during pregnancy.—During pregnancy, captive and wild squirrels 
became more tame and allowed considerable handling without biting. Their 
movements were not so quick and vigorous as were the movements of non- 
pregnant females. No differences in gliding ability were noted when gravid 
females were being captured, although conditions for accurate observations were 


The young can easily be felt two weeks before parturition by palpation. The 


body and hair of the anima! are soft, and the stomach, full bladder, intestine con- 
taining feces, and backbone can easily be identified from the ventral side. De- 
tection of gravid females in this manner simplifies the housing of large numbers 


of the animals, because such females may be kept with the others until near the 


me for the arrival of the young. They should then be placed in a separate cage. 
DESCRIPTION OF YOUNG 


Birt The young at birth (fig. 1) are naked except for mystacial vibrissae 
and very short hairs along the upper and lower lips. The color is dark pink. 
The patagium between wrist and ankle is very noticeable. Very small claws 
present. The external ear is folded over ventrally and has no opening. 


lhe large eves are visible as dark spots w 


ith faint suture lines marking the future 
pening Che scrotum is plainly visible in the male. 
The movements of the young at this time are not coordinated. The rear parts 
of the bodies especially seem to be helpless. When placed on their backs on a 
smoot] rface, they are unable to turn over on their bellies. When on their 
bellies, they have difficulty in staying there, tending to fall over on their sides. 
Lhe ing at this time move continually with a squirming motion and emit 
T ~ KS 
TI eights and measurements of ten young at birth representing four litters 
{ { 
M NEI WEI ” INDIVIDUAL WEIGHT 
9.1 3, 3, 3.1 
9 10.5 6.2, 5.3 
10.7 3.5, 3.5, 3.7 
9 6.0 as 
ights were taken afte! the young had sucked 
The average number of young from 24 females that mated under natural 


conditions and bore their young either in captivity or under natural conditions 
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Six captive flying squirrels produced an average of 


and 
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colored. The conchae of the ears are no longer folded over, but no ear opening 
is visible. 
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( re legs, and posterio1 portions of the abdomen are naked The lowe I 
cisors are barely visibl 
TaBLe 1.—Avera measurements of young flyir al various ¢ l 
Li ve 1 
wee Oe am anil 

At bir 62.1 7.2 15.8 3.63 it 
One wee 77.1 11.2 25.6 7.3 
Two week 10] 15.1 37 .f 13.2 f 
Three week 117.8 17.2 2 19.2 
Fo e€ 143.0 22.( 62.1 26.2 
Five weeks 170 25.1 70.7 33.1 f 
Six weeks 187.4 28.8 79.8 36.8 
hight wee 211.0 31.0 96 .{ 14.5 

Three weel Hair is present except on the under side of the patagium, int 
surface of the rear legs, and posterior parts of thi abdomen (fig. 4 The « 
opening is established The movements of the animals are much more ¢ 
ordinated, but they do not move about freelv, being unable to support the 
bodies for more than few seconds 

Four weel The eyes usually open at 28 days (fig. 5), varying from 26 to 29 
days The body is completely covered with hain \ darker band appeal along 
the lateral edge of the patagium. The animals move about freely in the nes 
box, but do not come out. They were not seen to feed themselves at this 
time. The lower incisors are eight millimeters long the upper incisors areé 
less than one millimeter long. The tail is eight millimeters wid No attempts 
are made to jump or glide. When thrown in the air, they spread their feet an 
open their patagium, but they do not have the ability this time chang 
the direction of the fall 

Five weeks.—The young at this time resemble the adults as regards colorati 
The lower and uppe! incisors are deve loped sufficiently to enable soft foods suc! 
as nut meats to be eaten Possibly in the wild state they continue to nurse and 


eat such soft foods as insects and succulent twigs and flow 


active, coming out of the nest box and running freely about 


‘TY buds 


their cage 


The ay 
n al 








s weeks. 


Unbroken nuts 
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Seton (1929, p. 377) seems to think they pair. Males have been found within 
100 feet of a female with a litter, but never in the same tree or nest. I have found 
at least 35 litters, and in no case was a male present at the time. Captive 
females have been kept with the males within a week of the time when the young 
were due without any sign of disagreement. Captive males placed within a 
cage containing a young litter were killed by the female, but young ones ap- 
proximating the age of the litter she was nursing were cared for solicitously. 


Young white rats with unopened eyes were taken in and cared for by one female 


i+} 
i 
NESTING SITES 
Flying squirrels seem to prefer holes in stumps to outside nests for purposes 
ng young Although I have endeavored constantly to rout a flying 
squirrel with a litter from outside nests during this study, it was not until the 


spring f 1940 that a female with a litter of four was located in an outside nest. 
Dur this time more than 35 females with litters were found in holes in trees. 


There seems to be little choice of the kind of trees used for this type of nest. 


Nests were found most often in large-toothed aspen trees, but this was undoubt- 


llv d to their being more often riddled with woodpecker holes. Females 
ith litters ere taken from holes in black oak, hemlock, red maple, black 
pp! beech, chestnut, wild black cherry, basswood, and red oak trees. 

lhe only re rement seems to be that the opening be large enough for the 
iss through it successfully. In addition the hole inside the tree 

enough to provide room for some shreds of inner bark and the 

nimal it n some cases the holes were scarcely large enough to conceal the 
9 nd wisps of fibers could be seen projecting out of the hol \ 
hol in diameter is large enough to admit an adult flying squirrel. 
Larg ild be advisable if one were to construct nest boxes for these 
! nder natural conditions the holes are usually one and a half to two 
avs lined with soft material composed of the fibers of inner 


terial stays soft and does not mat even when slightly damp. 
ine their nests with this material when it is placed in 
g This is done by both males and females. The young are hidden 

this material and one has to look carefully to discover them after 


peen captured or routed trom the stump 


The stu n which nests are found are usually quite old. This is probably 
no rement of the flying squirrel but of the woodpecker making the holes 
Suc s S ig, Y In many cases they are so badly decaved that they may 
pus! » the ground with little difficult, If living animals are desired, it 
the stump to stand and use live-traps on the stump; otherwise 

the ter ( il not return when the young have been rem«¢ ved. 
he literature lists several observations of flying squirrels in outside nests, 
though I found no record that the construction of an outside nest by a flying 


SQGuUITTe has ever been observed. Flying squirrels were found in outside nests 
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on three occasions during this study. On one occasion the nest contained an 
adult female with four young approximately one week old. The two nests not 
containing young were located 24 feet and 20 feet from the ground in tangled 
grape vines. The nest containing the litter was 17 feet from the ground in th 
crotch of a flows ring dogwood fig. 7). The nest containing the litter wa found 
rr and Noveml 

The nests were similar to other squirrel nests in construction. The outer 


in the spring and the other two were found in Septemb 


( 
surface was composed of leaves and small twigs with leaves attached. Th 
TABLE 3.—Females mated under natural conditior yung born i? 
“ 


March 20, 1934 March 25, 1934 5 February 14, 1934 Aliquipy Pent 


: i >t t 
April 2, 1935 April 13, 1935 2 March 5, 1935 Aliquipp nr 
April 5, 1935 April 8, 1935 2 March 1, 1935 Aliquipy] Pent 
July 21, 1935 August 5, 1935 3 June 27, 1935 Allegany St 


April 15, 1936 April 30, 1936 } March 22, 193¢ Ithaca 
April 18, 1936 April 19, 1936 2 March 11, 1936 Ithac New \ 


! The average number of young per litter was 3 


TABLE 4 Summary of the breeding record j ten ca} e fluina 


February 29, 1936 February 29 or Marc} April 9, 1936 39-40 
1, 1936 
2 March 13, 193¢ no litte: 
March 5, 1936 March 5, 193¢ April 14, 1936 1( 
April 10, 1936 April 10, 1936 M 19, 1936 39 
July 21, 1936 no litte: 
March 15, 1937 April 24, 1937 
March 16, 1937 April 25, 1937 


inner portion was composed of a dense mass of shredded inner bark. Thi 
seems to be smaller than the nest of the gray squirrel, but I was unable to observ 
significant differences in size due to lack of sufficient nests. As a matt f fact 
[ am not certain that the flying squirrel nests were not deserted gray squirt 
nests General observations from the ground support the belief that there ar 
two types of nests that could be constructed by gray squirrels and flying squirrels 
respectively. The larger nest is certainly built by the gray squirrel and is mor 


leafy in appearance. The smaller nest, which is presumably built by th 


flying 


squirrel, is more compact. The larger nests are more often located on branches 
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and crotches of large trees at greater distances from the ground The smaller 
nest most resembles the nest of the red squirrel, but in the area where both types 
of nests were found the red squirrel had been exterminated. The construction 
is essentially the same. Differences in size were difficult to measure because of 
the loose, leafy nature of the material. Until flying squirrels are observed build- 
nests, or until a large number of nests are found containing flying squirrels, 
the question of nest-building by flying squirrels will not be settled. That flying 


squirrels will take over the nests of birds and other squirrels is unquestioned. | 


have found flying squirrels in old bird nests, bird houses, gray squirrel nests in 
stumps, old cupboards, and attics. On one oceasion gray squirrels and flying 

juirrels were dislodged from a stump on two successive days. I have never 
observed flying squirrels to carry material other than the fine shredded inner 


bark used to line their nests. It seems difficult to believe that these rather 


NUMBERS PER UNIT AREA 
Seton (1929, p. 376) observed three nests of flying squirrels in less than an 
acre, and concluded that flying squirrels are more numerous than red squirrels in 
areas suitable to both 
This is also the belief of the writer. Two areas were trapped sufficiently to 
ld data on this point, but neither area was trapped to extinction. The first 
borders the side of a slope along Raccoon Creek near Aliquippa, Pennsyl- 
nia No part of the woods was less than 250 feet from the creek. The 
rea was nearly rectangular in shape, measuring 550 feet in length and 300 feet 
in width, thus having an area slightly less than four acres One side of this 


area Was bordered bv a road and a cultin ated field, the second by some cut-over 


ind that had grown up in brush, the third by a field grown up with hawthorn, 


ind the fourth side sloped sharplv to the creek level, the bottom being marshy 


containing only a few small trees 


By means of live-traps and pounding on stumps, 19 flying squirrels were taken 


. thus averaging nearly five per acer As was mentioned above, 


as not trapped to extinction since the notes of those remaining could 


it night 

At Ithaca. New York. 22 flving squirrels were taken from a portion of the 
ods near the Cornell University Rifle tang’ The section from which the 
rrels were taken was estimated to contain ten acres This would give an 

re Ol 2.2 squirrels per acre 

DEGREE OF SOCIABILITY 

Flving squirrels are gregarious, living together in large groups at times. On 
casions I have observed seven in a single nest. One nest was located on 
the cross pieces of a pole supporting electrical lines close to a woods. The other 
as in a hollow beech stump. Three males were taken from a single large- 


othed aspen on another occasion 


In captivity, as many as 40 flying squirrels were kept in a single cage thirty 
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inches square and five feet high. Even when given several boxes, thi 
would congregate in one box during the warmer weather of the summe! 


r months 
as well as in the cold winter weather. During colder weather, however, thi 


animals 


ay 


animals would bury themselves in the nesting material until one could not help 
but wonder how they were able to breathe. 


LENGTH OF LIFE 


Captive animals that were three years old exhibited such signs of old age as 
lack of activity, desire for sleep, and excess weight. Probably five years repre- 
sents the normal life span of the flying squirrel 


CARE OF CAPTIVE FLYING SQUIRRELS 
Flying squirrels proved to be readily adaptable to caged conditions. As many 
as forty-five animals were kept in cages at one time, and over one hundred wer 
kept captive for varying lengths of time. 


Two types of cages were used. The larger of these was constructed of a 
wooden frame, five feet high and thirty inches square. This frame was covered 
with one-half inch mesh hardware cloth Th top and bottom of the cage as 
well as all four sides were constructed of this material. The top of the cage was 


kept covered to protect the squirrels from rain during the warmer weather and 


snow during the winter months. Nest boxes of varving sizes were used, de 


pending upon the number of squirrels on hand. A box six inches square witl 


round hole one and one-quarter inches in diameter in one sid was large enoug! 
to accommodate ten squirrels, If larger nest boxes were used, one corner of the 
box was likely to be used for the deposit of excreta, making frequent cleaning 


necessary. This did not occur when the animals were kept in smaller boxes. 
The smaller cages consisted of a roll of hardware cloth, eighteen 
diameter with a plate of sheet iron wired to the top and bottom to close e: 


The plate at the top was wired In such a manner that it might easil 


Such a cage was found to be satisfactory for breeding females \ small nest box 
large enough for a female and a litter was wired to the side of such a cage. By 
gently tapping the nest box, the parent squirrel could be frightened from the 
nest and examination of the young was thus made possible 

The squirrels were fed in the evening before they became activ It was 
necessary during warm weather especially to place fresh milk or water in tl 


cage in the morning as the squirrels often drank during the day. As 
tioned befor 


was men- 
, milk was used instead of water in order to insure a more adequate 
diet 


Activity wheels constructed of hardware cloth were freely used by squirrels 
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EK INFLUENCE OF FLOOD AND LOW WATER LEVELS ON THE 
SURVIVAL OF MUSKRATS 


By Frank C. BELLROSE, Jt AND Jessop B. Low 


Investigations on the muskrat (Ondatra zibethica zibethica) in the Illinois River 


alley give irrefutable evidence to preliminary assumptions that fluctuating 


er levels are of prime importance in the welfare and management of this 


fur-bearing speci In a previous paper Bellrose and Brown (1941) reported 
higher density of muskrat houses to a unit area in lakes with stable water levels 
than in the lakes with fluctuating water levels. Furthermore, stable and semi- 
stal vater levels directly favored those species of plants that supported the 
highest population of muskrats 
Che present paper covers the effects of floods and droughts on the survival of 
the muskrats in lakes along the Illinois River valley Several investigators, 


particularly Errington (1937, 1939), have discussed some of the environmental 


cissitudes muskrats face in nature High productivity in the muskrat fre- 
quently results in overpopulation, which, with the advent of adverse conditions, 


ses intraspe cific strife and mortality 


Muskrat habitats in the Illinois River valley may be place 1 in one of three 
ge! categories. namely, (1) habitats with stable water levels, (2) habitats 


semistable water levels, and (3) habitats with fluctuating water levels. 


Characteristically, the lakes that lie on either side of the Illinois River are shallow 
ind flat-basined, and with normal river stage have little or no current These 
lakes varv in size from a few to 6,500 acres and aggregate at low stage about 


56,000 acres of water surfact 

Three of these lakes—Douglas, Rice and Chautauqua—are among the most 
productive of muskrat in the Illinois River valley. Douglas Lake is principally 

river bulrush (Scirpus fluviatilis) marsh of some 1,300 acres with additional 
acreage of other plants and open water (Bellrose, 1941 Rice Lake, in 1940, 
had 413 acres of river bulrush and 317 acres of American lotus (Nelumbo lutea), 
as well as small beds of other aquatic plants. Lake Chautauqua has a periphery 
of 140 acres of marsh smartweed (Polygonum muhlenbergit) along with several 


hundred acres of black willow (Salliz nigra), about 45 acres of duck potato 
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(Sagittaria latifolia) and several acres of river bulrush. 
teristic of the stable and semistable water level group. 

These lakes were the ones selected to determine the effect of floods on high 
and well-situated muskrat populations in 1941. Prior to 1939, Douglas Lake 
had semistable water levels. At the beginning of that year, however, the 
Peoria navigation dam was placed in operation, which raised and largely sta- 
bilized the water levels from that time to the arrival of floods, October 4, 1941. 
Rice Lake with semistable water levels generally has only small seasonal fluctua- 
14 inches to 22 inches during the summer of 1941. 
National Wildlife Refuge, enclosed by levees, 
levels (fig. 1 


These lakes are charac- 


The Lake Chautauqua 


customarily has stable water 


Observations made during the latter part of August and the first of September, 
1941, revealed an increase over 1940 in the number of muskrat lodges at Douglas 





it 
10 | 

my 

WwW 

= 6 I 

kX 

) 8 t 

< 

oO 

< 7 

< 

= \ 

ad 

os ° 

> 

t 

4 | 
JUNE JULY AUG SEPT OCT NOV DEC 
Fic. 1. Lake Chautauqua water level, 1941 

Lake At Rice Lake there was a moderate increase in muskrat lo Lor s, probably 
attributable to the 12-inch rise in water level in the river bulrush beds during the 


summer months of 1941. Lake Chautauqua contained in 1941 approximately 
the same number of lodges as it did the previous year. 


REACTIONS OF MUSKRATS TO FLOOD WATERS 


The seemingly favorable conditions that prevailed during the 


summer and 
fall of 1941 were suddenly altered by a sharp rise in the water levels, almost 
reaching flood proportions, in the Illinois River and adjacent fluviatile lakes by 
October 6. Figure 1 shows the profile of Lake Chautauqua for 1941. Ina few 


days river water levels rose over lake levees and adjacent banks a 
raised the water-level in all bottomland lakes. 
Douglas Lake.—A visit to the Douglas Lake area on October 9 revealed that 














BELLROSE AND LOW SURVIVAL OF MUSKRATS 175 


the water had risen seven feet and was still rising. Most of the river bulrush 
plants were completely covered by 18 to 24 inches of water, and adjacent dikes 
and lowlands were inundated. Where there had been at least 1,234 dwelling 
houses (based on previous year’s count), there was searcely a house left. Most 


of the houses had risen with the water, becoming in a short time mere floating 
piles of vegetation. A strong wind and accompanying wave action knocked 
many of them apart and blew others in among the partly submerged willows 
and buttonbush (C% phalanthus occidentalis These plants occurred in small 


imps over the area and in a thin strip along a small levee that sep- 


, 


arated the upper two-thirds of the lake from the lower part. Other muskrat 


houses had been swept in among the willows and protruding tops of river bulrush 


a 0 efuge sile 7 ee Bt ons of Douglas Lake, October 9, 
5 and 19, 1941 
6 R RAGE 
» 4 N 4 KRATS 
A Ny N — 
fa) 9 1941 
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I ) 18 13 {R Vo 9.3 16 Q 12 2 
Pp he ] 79 AR 0.7 7 09 , tf) 7 16 ao 1.5 
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() 5. 194] 
O | 8 18 6.0 27 1§ 5.5 3 3.0 5.5 
I 51 191 3.7 0 ie ee 1] 18 1.6 3.3 
i . 9 239 0 7 75 7 12 1 1.7 4.0 
t) ; 4 
| 51 18 0 6 6 1.0 1.0 
he east side of the lake In the latte location there were in addition to the 
swept debris a few houses still anchored and serviceable. 
Everywhere on the lake the muskrats were in dire and critical straits. \t 
best. there was little protective cover {01 the remnants of the lodges and their 


inhabitants. Both the dwellers and the dwellings were being buffeted by 


heavy 
waves The scenes ol struggle lol life against the r leme nts were most Vi idly 


lia 


enacted, particularly where the remainin houses were floating rafts of debris 
ight in the tops of buttonbushes 


While it was impossible accurately to ascertain animals on every place of 
refuge, it was possible to secure fairly accurate samples. The 


I 


muskrats ap- 


ently were so preoccupied il 


their plight or so exhausted that they allowed 
pass within a few feet before plunging from their resting places. 
able 1 reveals the number of refuge sites, the total number of muskrats and 
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the average number on a refuge site for several distinct zones in Douglas Lake. 
Since most of the lodges were formerly located in the center of the area, it is not 
surprising that 551 muskrats, the largest number enumerated, were attempting 
to maintain themselves on the then open water. The majority were on rafts of 
debris, which, for the most part, had drifted until caught in the protruding tops 
of buttonbushes. In this exposed situation there were 5.3 muskrats per raft, 
while there were 5.2 animals on floating houses in similar straits. Not only do 
these high densities show the lack of sufficient refuge sites, but the fact that 73 
muskrats were forced to seek sanctuary in the branches of buttonbushes indi- 
cated that in this section they were in critical need of refuges. Furthermore, 
waves were tearing asunder many rafts, the occupants of which were making 
valiant but often futile attempts to keep from being washed into the water 

On one oceasion an adult, presumably a female, picked up a kit from a rapidly 
disintegrating debris pile, held it above the water, and swam 25 yards to a mor 
substantial mass of vegetation. There the kit was deposited beside two others, 
evidently previously rescued in similar fashion. Two large muskrats had some- 
how managed to secure a resting place four feet above the water on the top of a 
leaning post. In the few large willows as many as seven to eight muskrats wer 
observed stacked in crotches, one on top of another sefore the bottom in- 
dividuals could leave, as we cruised by, barely feet away, the top ones had to dive. 
On several occasions individuals were noted as high as three feet above the 
water. Numerous muskrats were seen swimming, some aimlessly, others toward 
a plac oi retuge. Kits were frequently noticed that were blindly, desperate ly 
trving to mount floating fragments of vegetation 

\ sample count along one mile of the willow-covered inundated levee, which 
divided Douglas Lake into two areas, showed 115 houses and rafts lodged in the 
willows Prior to the high water, only a few houses were along the levee: how 
ever, following the advent of high water and wind many floating houses came to 
rest there According to data presented in Table 1, this section furnished much 
more protection from the elements than the buttonbush clumps in the open lak« 
Crowding was noticeably less; there were 31 percent fewer muskrats per refug’ 
site. Further evidence that this population was more secure than those in th 
previous habitat is evident from the much higher proportion of animals on lod 
than on rafts or in trees 

Around the periphery of the lake, where the water was noticeably shallower 
123 muskrats were enumerated. Of the 86 lodges recorded, 41 contained no 
muskrats. The remaining lodges averaged 1.4 muskrats per dwelling. Wi 
believe that so few muskrats were observed on the outside of these lodges becaus« 
they were able to remain inside in the dry chambers. That the muskrats wer 
still in these lodges was evident since on several occasions we saw one or two 
muskrats appear at the edges of houses, climb up on the outside and commence¢ 
to teed In deeper and more exposed parts ol this peripheral zone, houses had 
been dismantled, although not to the extent that they were elsewher Data 
in Table 1 reflect this, showing 3.0 animals per raft of debris and 2.3 per occupied 


willow. Since the average refuge site harbored only 1.5 exposed muskrats, this 




















BELLROSE AND LOW—SURVIVAL OF MUSKRATS 177 


regarded as the safest and the one having the most secure popu- 


zone must be 
latic n 


October 15, six days after making the first observations on Douglas Lake, 


we re turned to find the water levels wer 


()y 


still high. Enumeration of refuge sites 


and their inhabitants showed that in the open water a number of rafts and rem- 
nants of lodges had further disintegrated. That some survivors from these 
sites secured refuge elsewhere is evident from data presente din Table 1. There 
vere 0.8 more animals to a lodge and 0.2 more to a raft in the open water than 
there were on the previous occasion. If the mortality of many of the resident 


kits and other age groups was deductible, the data would show that even larger 


numl ers had move d to the availabl sites Since the largest increast occurred 


mnants oi lodge s, it is evident that animals were sufficiently strong to search 


on ren 
the safest sites available A decrease of 0.8 animals to an occupied willow 


mav be attributable to movement or to mortality of the muskrats in these 
ulnerable positions. 
Further observations. on October 15, showed an increase of 0.2 muskrats to a 


refuge site along the levee Also. a slight increase in the number of 
bris and a decrease in the number 


muskrats in 


an increase in the number to a raft of de 


mnant of lodge were r corded Of interest is the increase of muskrats on 
the rafts of debris along the levee, while at the same time a decreas occurred in 


well as lodges had been ¢ nlarged 


the number to a lodg Rafts of vegetation : 
nsiderably, enabling each to support more animals The muskrats on the 
it however, were still exposed to view, whereas those in the mak« shift lodges 
often hidden from view and possibly overlooked. Increased number of 
animals to a refuge site is indicative of ingress from the open lake 
By Octobe 19, ten dav after we made the first observations, the water in 
Douglas Lake had dropped about 20 inches from the crest. Observations made 


along the inundated, flooded willow levee showed that the muskrats were fast 
becoming well situated (Table 1 Only 48 muskrats, 0.9 to a lodge, were ex 
posed to environmental vicissitudes. None was found on rafts of debris and 
seen in trees or logs. Close scrutiny revealed that few muskrats 


on| Six wer 
ere on houses and rafts because they were well concealed in alcoves and cham- 
bers in the structures 

In the ease of the majority of the rafts and partial lodges among the branches 
of the willows, the muskrats had continued to build onto the lowe1 parts of the 
structures as the water receded, resulting in new structures below the old and 
forming two-story edifices partly open at the sides. These structures afforded 
mparatively safe and protected retreats to the muskrat population of that 
rea, thereby greatly reducing vulnerability to predation and to the elements 

Rice Lake Flood water did not commence to rise in Rice Lake until October 
+) Water flooded the chambers of muskrat houses situated over most of the 


lake on October 10. but the lodges were then still anchored and substantial. 


Flooding of the chambers. however, did force the inhabitants to seek refuge on 


top of the houses. Many lodges held from four to seven individuals in cup- 
| risen 6.5 


shaped depressions 


in th domes By October 11 the water level he 
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feet, which dislodged houses from their foundations. A moderate south wind 
blew the floating houses into the buttonbush and willows bordering the northwest 
section of the marsh. In a matter of a few hours many of the lodges were com 
pletely demolished by waves. Debris from wrecked lodges formed a mat of 
vegetation one-half mile long and from 2 to 10 yards wide. 

Relatively few individuals were exposed on any of the refuge sites on Rick 
Lake (Table 2). An average of only 1.1 muskrats was observed to a remnant 
of lodge or raft of debris. Of 30 individuals seen 49 percent were kits, a much 
higher ratio than at other lakes. The small number of animals observed, the 
low number to a refuge site, and the comparatively high number of kits, wer 
apparently attributable to the abundance of cover. Hundreds of acres of 
flooded, dense bottomland timber lay behind the line of wrecked muskrat lodges. 
Observations made showed that the large, strong adults and juveniles left the 
exposed sites for the shelter of the flooded woods. On pushing a boat throug! 


c | 


the brush we could hear numerous splashes denoting muskrats diving from 
floating logs, piled debris and other refuge sites. Thus, because of flooded, 
TABLE 2? Con parative 7 umber of muskrats on variou place s of refuge on Lake Chautauq a. 
Rice Lake and Douglas Lake 


F iNANT t ” RI REF RI AVER 

. . No. « A Na N Ave. In No we. bon ae 

. nu ) . no. | te mu no. pe “ 

t r ra sit 

Douglas La 151 490 3.2 154 582 3.8 42 118 8 3 
Rice Lal 10 1] 1.1 17 19 Bea 1.1] 
Lake Cl ju 24 64 9.7 5 1] 2.2 6 6 1.0 23 
Tota \verage 185 6 3.1 176 612 3.5 48 124 2.6 3.2 


dense woody vegetation surrounding Rice Lake, muskrats were afforded much 
better refuge than at Douglas Lake. Since the population was less vulnerable, 
survival must certainh have been greater. Trapping records showed an actual 
increase of muskrats caught in 1941 over 1940, which substantiated this premis« 

Lake Cha ilauqua Water levels on Lake Chautauqua commenced to rise the 
first week in October (fig. 1). By the middle of that month the water had riser 
5.5 feet, reaching the peak. On October 13 we visited certain sections of the 
lake Where some 50 houses had been situated in a duck potato bed, not on 
was visible; all had either floated away or become inundated. 

In an adjacent grove of black willow trees, through and around which mars! 
smartweed beds occurred, only a few sodden lodges remained of the 80 former]; 
situated ther Many of the muskrats wert resting on willow -twig platforms 
built in crotches of the black willows at the water line At the south end of th 
willow grove, floating duck potato stems had been added to the platforms, and 
on the periphery were several rafts composed of duck potato stems Data 
gathered in this area (Table 2) revealed that there were 2.7 muskrats to a house 
l 


or platform; 2.2 to a raft and 1.0 to an occupied tree or log. $y comparing the 
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numbers on these refuge sites with those on similar refuge sites at Douglas Lake 
and Rice Lake, it is evident that Chautauqua muskrats were more secure than 
those at Douglas Lake but less secure than those at Rice Lake. 

That a larger number of muskrats occurred to a lodge at Douglas Lake than 
at Lake Chautauqua was an indication that muskrats at the former place were 
forced by greater destruction of lodges to concentrate (in larger numbers) on the 
remaining lodges. Waves breaking apart Douglas Lake rafts accounted for a 
high of 3.8 animals to a raft, while at Lake Chautauqua, where greater protection 
from the elements was afforded, only 2.2 muskrats were forced to remain on'such 
sites. At Rice Lake only 1.1 muskrats elected or were forced to remain on such 
sites, and none found it necessary to seek sanctuary in tree branches. Whereas 
3.8 individuals occurred to an occupied tree in Douglas Lake, only one was found 
to an occupied tree site at Lake Chautauqua. 

Thus, where possible, muskrats sought to remain on the tops of lodges; next 


thev preferred floating rafts of vegetation debris, and, lastly, branches of willows 


and buttonbush. Crowding was severest where wooded shelter was lacking. 


TAY 4 Compara numb kits and old muskrats per re fudge site at Douglas Lake " 1941 
UMBER MAI R RE I I 
k Other age group 
Oven lake October 9 a 5.3 
October 15 1.4 5.3 
Levee October 9 1.5 3.1 
October 15 1.4 3.2 


As discussed under intraspecific strife, fighting was most severe where crowding 


and exposure occurred and least where individuals were scattered and shelter 


LODGI AND RAFT CONSTRUCTION 
We are interested in ascertaining the effect high water, arriving as it did after 
the completion of most houses and the withering of marsh vegetation, would have 
on fall and winter quarters of muskrats 


Despite the lack of suitable material and the severe environmental conditions, 
muskrats were attempting to build some lodges higher, ré pair others, and, of 
necessity, build rafts. At Douglas Lake, October 9, at least 14 individuals were 
noted carrying material to rafts, platforms, and demolished lodges, often from as 
fa 15 to 30 vards, unusual distances for them to seek building material in this 
icinit Fortunately, masses of duck potato stems had floated to the surface 
and muskrats made extensive use of them Practically every lodge and raft was 


| ] 


being built around the branches and limbs of willows or buttonbushes, but logs, 


floating boards, boats, and duck blind platforms were also being used as lodge 


ioundations 


By October 19, Douglas Lake had receded 20 inches and newly built muskrat 








180 JOURNAL OF MAMMALOGY 


lodges were beginning to assume large dimensions. Most of them were no 
longer open at the sides and concave at the top, but contained interior chambers, 
entrances to which were either above or below the water surface. Many plat- 
forms built in tree branches 10 days earlier had been left high and dry. 

As the water receded still further, muskrats continued to add to the bottoms 
of the house, until some structures assumed gigantic and unusual shapes. This 
was especially noticeable at Lake Chautauqua where structures were often crad- 
led for six feet or more in willow trees. The sharp drop in water levels during 
the first part of December left many houses suspended in the air, the base some 
18 to 24 inches above the water surface (Pl. 1). After the houses and debris piles 
on logs and boats had been suspended by the recession of the water, muskrats 
at Rice Lake moved out to the river bulrush beds bordering the bottomland 
lakes. There, in early December, they constructed their third set of houses, 
using stems and leaves of river bulrush. 

When Douglas Lake houses were exposed along the willow-covered levee, 
muskrats dug tunnels from the lodges through the crown of the le 
water. With the return of a normal water level, only a few muskrats moved 
from the levee and periphery of the lake back to the center of the mars! 

Muskrats used a wide variety of materials to construct refuge rafts and lodges. 
At first, much of this material consisted of floating vegetation debris. At Doug- 
las Lake, duck potato and river bulrush stems were widely used. Rice Lak 
muskrats used soft maple leaves, giant ragweed stems, available grasses, and 
woody vegetation. Muskrats on Lake Chautauqua used willow twigs and 
floating duck potato stems to construct refuge platforms in the forks of willows. 


\s the supply of floating debris became exhausted and the crisis caused by high 


water subsided, the muskrats sought submerged river bulrush and marsh smart- 


weed with which to build new lodges. 


ACTIVITY AND FEEDING 
During the first few days of exodus from their flooded dwellings, muskrats 
were, for the most part, lethargic. Those that were active either were feeding 
or constructing refuge places It was easy to pass within a few feet of the resting 
animals without disturbing them. This was true especially in the inundated 


marsh area of Douglas Lake, where the greatest battle for existence was fought 


At Rice Lake, because of the protection offered by brush and logs. adults and 
juveniles were quite active, but kits were noticeably torpid. Elsewhere adults 
were the first to depart from refuge sites, followed by juveniles, with kits con- 
sistently the last to leave In general, the sluggish attempt of the muskrats to 


elude danger bespoke the phvsical battering that they had undergons 
Emergency rations were the order of the day, but muskrats were equa! to the 
emergency At Douglas Lake, where river bulrush, pickerelweed (Pontederia 
cordata) and marsh smartweed had been thi staple items of diet, the muskrats 
changed to twigs and bark of buttonbush and willow, coontail (Ceratophyllun 
demersum), duckweeds (Lemna, spp. , river bulrush, and duck potato Rivet 
bulrush tubers obtained from lodges and succulent duck potato stems wer 
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floating abundantly on the water. Individuals were noted climbing among the 


branches of buttonbush and willows to feed on the twigs and bark of these 


Muskrats at Rice Lake were more fortunate. There, demolished lodges of 
ver bulrush, American lotus, and pickerelweed adjacent to timber shelter 
furnished a ready food supply Adults and large juveniles were noted leaving 
the flooded thickets to forage on bulrush tubers and lotus heads Kits fed 
extensively on duckweed, as they also did at Douglas Lake Later, muskrats 
were observed diving in eight feet of water to obtain pickerelweed stems and 
river bulrush tubers 

Normally, Lake Chautauqua muskrats depend principally on marsh smart- 
weed rootstocks for subsistence. However, with rootstocks too difficult to 
obtain, they resorted to black willow bark (PI. 2), completely denuding the upper 
side of many willow trunks and branches. Here again, individuals were noted 


feeding also upon duckweed and duck potato. 


INTRASPECIFIC STRIFI 
With the shifting of muskrats from home territories and with the ensuing 
crowding of adults, juveniles, and kits, much intraspecific strife was noted, 
particularly among the least secure individuals. Douglas Lake (October 9) was 
the scene of several battles In the open lake two adult muskrats were observed 


fighting over the possession 


f a partly sunken lodge. One, the attacker, made 
repeated sallies at the other, finally succeeding in driving it away. An adult 
was seen violently attacking five kits on an almost completely submerged lodge. 
While one kit was desperately trying to regain its place of refuge, the assailant 
slashed the fore part of its head off. On other refuge sites, two dead kits were 
picked up, one with its body cavity cut open, the other with its hindquarters 
slashed. Again, one kit was found with its rear legs badly mangled, and a kit 
was discovered, still living, with its intestines protruding from an open wound. 
Six days later, two dead adults were picked up at Douglas Lake; a punctured 
body cavity in one individual and a slashed shoulder in the other were visible 


\long the levee at Douglas Lake, muskrats were more secure than in the open 
er area, and consequt ntly little strife was noted Only one individual was 
seen that bore evidence of fighting; it had been bitten through the nose. 

Secause of the extensive flooded timber at Rice Lake and the protection it 
ifforded refugee muskrats, there were very few concentrations of animals or 
nstances of marked strife On one occasion a juvenile came too close to a feed- 
ing adult, and was immediately chased The pursued juvenile unsuspectingly 
dashed toward a feeding kit, which immediately beat a hasty retreat. 

Intraspecific strife at Lake Chautauqua appeared to be higher than at Ric« 
Lake and lower than at Douglas Lake. This would be in keeping with the rela- 
tive security of the various populations. Evidence was seen that several Lake 
Chautauqua muskrats had been fighting. One large juvenile with its tail badly 


chewed was so weakened that it could barely navigate. 
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MORTALITY 


As alluded to above, intraspecific strife often resulted in mortality. In addi- 
tion, a half dozen large and medium individuals and four kits were picked up that 
showed no external injuries. Hunters and trappers reported finding numerous 
muskrat careasses that had no discernible marks of violence. Disease and 
drowning had presumably caused their deaths. 

Limited observations prevented ascertaining the exact loss of life caused by 
the elements and predation, but populations, exposed as they were, suffered. 
Kits, in particular, were chilled, torpid, and less capable of seeking safe sites 
than were larger individuals. Loss in the kit group was undoubtedly greate: 
than among adults or juveniles. Table 3 shows the relative loss between kits 
and older individuals for two areas of Douglas Lake. As expected, kit loss was 
greatest in the open water area, where the muskrat population was most vul 
nerable to drowning and predation. In the open lake during a six-day period 
the number of kits per refuge site dropped 0.8, whereas the number of individuals 
to a refuge site in other age groups was not reduced. Kits were reduced 0.1 toa 
levee refuge site in the six-day period, while other age groups increased 0.1 to a 
refuge site, evidently the result of ingress from open water areas. Because of 
the continued destruction and construction of lodges and beds it was impossibl 
to measure the actual loss among adults as was done with the kits, but it appears 
to be lower than one would suspect. 

Predation, practically impossible to evaluate, must have been severe. Mink 
(Mustela vison), marsh hawk (Circus hudsonius) and barred owl (Strix varia 
were abundant in all the areas, and the exposed muskrats certainly were easy 
prey. At Rice Lake, where the muskrat population was least vulnerable, 
marsh hawk was observed to make repeated sallies on those animals 

Since muskrat houses are, in general, indexes of the muskrat population on 
areas where few bank dens occur, house counts made on Lake Chautauqua in 

1940 and after the high water in 1941 gave a picture of a reduced population 
attributable to the flood. In January 1941, 636 dwellings were enumerated as 
against 242 in January 1942, after the fall flood of 1941. Trappers caught 2,137 
muskrats on Lake Chautauqua during the 1940-41 season, and but 1,263 during 
the 1941-42 season. The catch during the latter period would have been som¢ 
what higher had not unfavorable weather shortened the season. Concensus of 
the trappers was that the bulk of the muskrats had been taken; this was sul 
stantiated by succeedingly lighter catches during the last week of trapping 


INFLUENCE OF RECEDING WATER LEVELS ON MUSKRATS 


In recent years, water levels below normal have actually been more pre’ 
than water levels above normal in the Illinois River valley. In addition to 
natural influences causing water levels below normal, many duck clubs lower th« 
water levels of their lakes to expose all or part ol the lake bed during most ol 
the year, raising the water level only during the hunting season Observations 


made on such areas, during the past three years, reveal that such a practice is 
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detrimental to resident muskrats, and that the recession of water has at least 
as great an effect on muskrat populations as does abnormally high water in the 
Illinois River valley. 

There were 279 muskrat houses on 419 acres of marsh at Cuba Island in Febru- 
ary 1940. New houses had been constructed and old ones repaired during Au- 
gust and September, 1939, after a favorable summer during which water levels 
of the marsh fluctuated from 12 to 30 inches. The water was lowered the last 
of December so that the bases of 175 houses were exposed. There were no tracks, 
cuttings, feces or other muskrat signs about the exposed lodges. Around the 
other lodges, in shallow water, there was much evidence that they were in- 
habited. It is conjectural how much of this loss was represented by egress to 
ditches and other bodies of water and how much was due to predation. There 
was no evidence of predation slightly over a month after the water was lowered. 

Water levels lowered during the summer of 1940 to expose the basins of South 
and Horn lakes resulted in an exodus of most of the 200 or more muskrats re- 
siding there. In August 1940, less than 15 individuals were attempting to live 
in those areas. They were inhabiting tunnels, filled with water, that ran below 
the lake bed from their quarters to feeding places on the dry basin. The quarters 
were above the water table, in a slight bank, among the roots of buttonbushes. 

Normal water levels were restored to South and Horn lakes the first of October 
1940. Trapping after December 15 of that year yielded 93 adults and large 
juveniles and no kits from South Lake and 30 large and medium individuals and 
2 kits from Horn Lake. Thus, kits formed only 1.5 percent of the trapped 
population in that area, but formed 10 percent of the trapped population in 
other lakes in the river valley. The logical assumptions, based on the above 
data, are: (1) An influx of adult and large young of the year took place in the 
above lakes from surrounding areas a short time after the habitat was made 
more favorable by the return of a normal water stage. (2) Despite the popula- 
tion being low, fewer young were born there in October, as was evident from the 
low number of trapped kits, than in adjacent areas which had remained more 
favorable throughout the year. 

In 1941, the water levels were again lowered during the summer at South and 
Horn lakes and again a bare dozen individuals attempted to summer in sub- 
terranean burrows. Water levels were raised to above normal in these lakes 
by floods early in October. Trapping after December 15, 1941, yielded only 
9 large muskrats at South Lake and 15 large ones at Horn Lake. The re- 
population of these areas by outside individuals was, therefore, considerably 
less in 1941 than in 1940. The dearth of muskrats in 1941 may at least in part 
be conceivably attributed to a reduced population in the entire area by flood 
waters as recounted earlier. 

A survey of Clear Lake in September 1940, when over 50 percent of the Lake 
basin was exposed, showed approximately 40 muskrats present. They were 
concentrated in bank burrows and in dry-situated lodges along spring runs. 
The houses were undermined by burrows which led to water and feed sites. 


Many muskrat trails led above ground from the burrow entrances to river bul- 
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rush and duck potato beds. The water level was raised in early October to a 
level still subnormal. Nevertheless, there was an influx of muskrats, presum- 
ably from adjacent Lake Chautauqua, since over 125 animals were trapped 
One trapper caught 55 large specimens, where less than 10 individuals occurred 
two months previously. 

In 1938, Rice Lake muskrats were situated in river bulrush beds. Water 
levels fell 18 inches in 1939, with the result that, for the most part, the residents 
built their lodges in the American lotus zone. In certain sections, however, musk- 
rats attempted to remain in their original home territories despite little or no 
water. During the summer, one group existed in subterranean chambers, the 
tunnel entrances of which were found on the exposed lake bottom, among the 
vegetation. From the entrance the tunnels ran to a small bank where enlarged 
chambers were above the water table. Well beaten runs were visible through 
the vegetation from the tunnel entrances to feeding sites. Other muskrats re 
mained and built lodges in water a few inches deep, digging deep canals from the 
lodge entrances to feed sites. 

Animals in these two situations remained in apparent security until winter. 
With subzero weather in January, water in subterranean tunnels froze, forcing 
the subterranean inhabitants to create external openings to their bank nest 
chambers and to wander in search of food. Even though the shallow water 
froze to the bottom at that time, muskrats living in houses built in shallow water 
were able to reach food by digging new canals below the ice to river bulrush root 
stocks. When the frost line penetrated the lake bottom, however, these musk- 


rats were forced to gnaw through the lodges and to wander about on the ic 


searching forfood. As might be expected, animals exposed on the ice were sub- 
ject to predation. Approximately 20 muskrat carcasses were found by Charles 
Cooper, local resident at Rice Lak« All displayed the characteristic marks left 


by mink in killing their victims. 

Too little water, like too much water, resulted in the muskrats attenrpting to 
relocate themselves in more favorable habitats. This movement sometimes was 
within the area but more often was to adjacent areas. Fortunately, such forced 
exoduses occurred at a time when the muskrat habitats were in general under- 
populated. A part (usually a very small percentage) of the muskrat population, 
however, invariably attempted to summer or winter in their home territories, 


despite the paucity ot water. 


DISCUSSION 


There can be little doubt that a rise of five to seven feet of water during flood 
stage disrupted and reduced muskrat populations in certain areas of the Illinois 
tiver valley in October 1941. Exceptionally favorable environmental condi 
tions, prior to high water early in October, had resulted in higher, better situated 
populations than usual 

Muskrats were not without adaptability to meet the crises of flood water 
They attempted to repair and build their lodges higher and when the chambers 


became flooded they sought refuge on the tops. Continued rising water and 
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wind demolished many lodges, forcing the inhabitants to seek refuge on rafts of 
debris and in willows and buttonbushes. The largest number of exposed and, 
therefore, most vulnerable individuals occurred at Douglas Lake, followed by 
Lake Chautauqua and Rice Lake. The differential security afforded these 
animals in the various habitats was related to the distance from, and the quan- 
titv and cover density of. flooded woody vegetation. 

The greatest intraspecific strife occurred among the most exposed muskrats, 
as illustrated by the amount of fighting seen in the open water area of Douglas 
Lake. There the number of refuge sites continued to be reduced, forcing more 
and more animals to crowd together on inadequate sites. With a high of 15 
individuals recorded on one site, it is little wonder that the struggle for existence 
was great. Numerous muskrat carcasses were found, which, when autopsied, 
showed that death was caused by muskrat-inflicted wounds, and _ possibly 
drowning, disease or exposure. Predation was difficult to evaluate, but since 
mink and barred owls were common in the region and the animals were lethargic 
and exposed, it was doubtless great 

Cognizance has been taken of the effect high water may have on fairly high 
muskrat populations. While such occurrences are the exception rather than the 
rule, it is also true that the effect may be extensive, thereby perhaps seriously 
depleting the muskrat population over a wide area. Depletion from such 
unnatural climatic causes may thus necessitate reduced muskrat trapping to 
nsure against further depletion in the marshes 

The use by muskrats in flood times of anything substantial enough to support 
themselves suggests that as a temporary management measure the provision of 
logs or board raits, anchored to the bottom of the lake, might be of service. 
Such a measure would reduce crowding and lessen the danger of drowning and 
intraspecific strife 
While muskrats may be harassed and decimated within a short time during 
ood conditions, those living under low water conditions may escape without 
serious loss in summer but may be seriously affected during cold, winter weather. 
Particularly is loss likely to be great when the muskrats are forced to leave their 
quarters in search of food. Whether muskrats dwelling under drought condi- 
tions in summer succeed in raising many young is problematical. tatios be- 
tween kits and animals of other age groups, caught in trapping, reveal many 
more young are born during the fall in areas not subject to low water during the 
summer than in the areas that are. This tendency appears to be maintained 
even when normal water levels are restored to the low water areas early in the 
hese areas still remain underpopulated despite an ingress of animals from 
other areas. That there is often a fall influx of muskrats to low water areas, 


after a rise in the water levels, can be little doubted 
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NOTES ON THE SAGE MOUSE IN EASTERN OREGON 
By A. W. Moore 


This mouse has been recorded in the literature under various names: pigmy 
vole (Bailey 1900), the sage-brush meadow mouse (Anthony 1913), the pigmy 
meadow mouse (Anthony 1928), the pigmy mouse (Bailey 1936) and a possible 
subspecies of the sage-brush meadow mouse (Hall 1928). As there are mice of 
other species with smaller bodies, the writer is dropping the diminutive qualifi- 
cation and, the mice studied having been found in sage-brush range, the term 
pertaining to grassy or sod land is omitted. 

Collected specimens were said by H. H. T. Jackson (in litt.) to be referable t 
Lemmiscus pauperrimus. Goldman (1941) 


0 
states “The animal now recognized 
as Lemmiscus pauperrimus is evidently very closely allied to L. curtatus,...” 
and presents the subspecific name, L. curtatus pauperrimus (Cooper). This 
status followed Anthony’s (1928) presentation of the sub-genus Lemmiscus under 
the Old World genus Lagurus after which Davis (1939) raised the form to full 
generic rank. 

The location of the area from which the data were obtained is about 36 miles 
west of Burns, Oregon, in the arid transition zone at an elevation of approxi- 
mately 5,000 feet. Big sage (Artemisia tridentata) and black sage (A. nova 
form the predominant cover. Rodent-range relationship studies had been con- 
ducted at the Squaw Butte Range Experiment Station and in the vicinity at 
intervals since the fall of 1939. 

Prior to trapping done in 1941, but one sage mouse was taken in approximately 
3,500 trap nights that had yielded conservatively 1,200 small rodents. How- 
ever, about the middle of May, 1941, a heavy population of sage mice was noted 
in a number of locations on the stock ranges being studied and indications wer 
that the population was rather common over an area embracing some 36 town- 
ships. Mr. L. K. Couch reported their presence in early August, 1941, in ab- 
normal numbers on the Hart Mountain Antelope Refuge located about 100 miles 
south of the study area and stated that his attention had been attracted to them 
by the presence of large numbers of short-eared owls (Asio flammeus). Much 
of the Hart Mountains is in the Canadian zone. 

One of the heavily populated areas, a 6 acre plot located in what is termed 
Range 3, had been subjected to two brief composition inventory trappings in 
October and November, 1940, when 96 trap-nights yielded no sage mice. The 
first trapping on this area in 1941 yielded, for the 24 hour period from the evening 
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of June 9 to the evening of June 10, 18 sage mice and 13 other small rodents from 
36 traps. Fifteen of these sage mice were females. 

Normally the number of males and females of mammalian species is reported 


to be approximately equal. The accompanying table shows that at what was 


apparently the peak of population there were more than three females to each 
male and that as the density appeared to wane, the ratio tended to reverse. 
The sex ratio of the population as it was building up may only be conjectured. 
Trapped males were examined for possible sexual mutilation and none was found 
to be incapacitated. Examination of four sets of sage mouse embryos by Jacob 
Frenkel of the University of California showed two sets to contain four males 
and two females, one set to contain one male and six females and one set with no 
males and six females. 

Other rodents taken as represented in the table consisted mainly of Perognathus 
Sex ratios for these were normal. 


and Peromyscus. The take from the plot in 


TABLE 1 Trapping records from 2 plots of 6 acres each (Squaw Butte Range Experiment 
Station) Burns, Oregor 
TRAP-TAKE PERCENTAGI 
ACT MBER 
TRAPPED O1} 
4 Sa Sage A ENERA 
Range 3 
Tuer 10 17? 48) R 24 At 
June 23-25 37 6 14 169 
July 28-31 51 4 2 271 
Range 7 
June 26-28 16 1.5 3.0 209 
Percentage of mice caught in each 100 traps 
Hail storms reduced severely catches on June 17, July 28 and 31 by springing traps 


Range 7 shows a reversal in the sex ratio for a comparative period to that in 


Range 3 and a hazarded explanation would be that the habitat was less favorable 


Figures in the table do show that where 


as evidenced by less rugged sage-brush 


age mice predominate in numbers the female of the species outnumbers 


These mice appeal to breed throughout the entire year. On ( ictober 28, 1941, 
male showed four distinct uterine scars and on December 7 the same year a 


very fat breeding male was taken. ‘The smallest pregnant animal taken had a 
otal length of 114 mm and yielded seven uterine sacs having a diameter of 2 1 
lhe largest sage mouse taken, a female, measured 141-29-16 mm. 


1m. 
Size of litter 
ranged from 4 to 10 as shown by embryos or uterine scars that were unquestion- 
18 with 5, 


That the minimum number was 4 


June breeding records show the following: 3 with 4, 
20 with 6, 21 with 7, 3 with 8, and 1 with 10. 
instead of a lesser figure for a series of 66 females shows a relatively high breeding 
potential. 


ly distinct. 
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The living quarters of these animals were normally found under sage-brush 
that was dead or of low vitality. As for the most part they had taken over 
systems of other rodents, the condition of the sage was not attributed to the 
current habitants. Stone retaining walls, rubble piles and road borders thrown 
up in loosely piled ridges also served to provide living quarters. 

Runways were distinct and located under and between brush clumps on the 
study plot. Full advantage was taken of existing cover. Trail building habits 
were noted by Hall (1928) in Nevada, but Bailey (1936) minimizes this habit 
due, probably, to not having found populations of sufficient density. 

(Activity was on a full time basis, although on bright days travel appeared to 
be motivated primarily by a desire to go to or return from a certain shelter in 
the least possible time. On cloudy days the rate of movement was less rapid and 
individuals were seen as they were feeding. Records show that but 36 of the 
247 trapped from the plot in Range 3 were taken between the hours of 4:30 a.m. 
and 5:00 p.m. As many of the traps were set on mouse trails it is indicated that 
the daytime catch was the result of travel and not due to feeding 

Work was discontinued on the area the last of June and not resumed until lat 
July In the interim the heav y population of sage mice had experienced & severe 
die-off The lethal cause is unknown although it is known that from July 13 to 
17 exceptionally high air temperatures were recorded. The accompanying tab] 
indicates that the numbers of other species were not reduced. No indication of 
migration was present nor did the more sheltered sites show populations that 
were not decimated 


During the late July period, approximately fifty sage mouse quarters were d 


out, revealing dead in all stages of decompositio1 No living new born voun 


were found. Nest cavities had in every known instance at least two entrances 
Size of the nest pocket was approximately four inches in diameter and dept! 
under ground varied from just below the surface to approximately 10 inches 
Length of runways varied greatly as in several places pocket gopher (Thomomy 
talpoides quadratus) runways had been appropriated. Nest material consisted, 


for the greater part, of shredded blades of dead grass Several of the nests had 


coarse sage-brush bark for the outer lave1 Aside from a few sage-brush leaves, 
no food was found in the nest or runwavs at this tims 

The food of these mice was varied During June, Sandberg’s bluegrass (Poa 
secunda) and Collinsia (Collinsia parviflora were taken, probably because the 
were plants growing under sage-brush cover. Indications later were that th 
other grasses were taken when their seed was in the soft dough stage. Consump 


tion was unde protective cover, and seed tops and stem nodes appear 1 to be 
preferred. Very little edible material was taken into their burrows. During 
July, heavy pressure was applied to squirreltail bunch grass (Sitanion hyst 

This grass has diffuse basal blades that provide excellent cover. Underneat! 
these twisted lower leaves the mic¢ procee led to eat into the succulent crow! 
Culms and leaves were mowed off Aside from the few sage-brush leaves foun 1 
during the burrow excavations in July, no indications of feeding on sage-brush 


were seen. Hall’s op cil.) reterence to the denudation ol sage-brush was con- 
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nected with under snow activity. No such habits were noticed on the writer’s 
study area which would imply that there was not sufficient snow cover or that 
sage mice were insignificant in number. Severe defoliation of sage-brush ob- 
served on the area, however, was due to the activity of ants. 
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RODENT POPULATIONS IN THE SAGEBRUSH DESERT OF THE 
YAKIMA VALLEY, WASHINGTON 


By Jonun A. Gray, JR. 


During the summer of 1941, a party from the George Williams Hooper Founda- 
tion for Medical Research was led by Dr. William McD. Hammon to the Yakima 
Vallev, Washington, to determine the reservoirs and vectors of the Western 
Equine and St. Louis strains of encephalomyelitis epidemic there. An attempt 
was made by me to determine the population of certain rodents in the sagebrush 
desert and to investigate the merits of a variation of the Sherman live trap ob- 
tained from Mr. Everett E. Horn of the Fish and Wildlife Service. If these live 
traps are valid instruments for rodent censuses, many problems can be solved 
without trapping out desirable study areas 

In order to test the live traps two methods were employed: a quadrat con- 
taining 100 Victor mouse snap-traps was set near a quadrat containing 100 live 
traps, and the results compared. Two such pairs were run. Then a single 
quadrat of the same dimensions, containing 100 of each type of trap was set, 
and separate records were kept for the two types of trap. All live-trapped 
animals were removed from all quadrats when caught. Traps were cleared and 


rebaited morning and evening. 


The quadrat method used was that of Bole (1939), in which a square 150 feet 


on a side is laid out and enough traps placed in it to catch all the rodents there 








192 JOURNAL OF MAMMALOGY 


in three nights. The total catch for three nights in a single quadrat, multiplied 
by two, is taken to represent the rodent population of an acre of this type of 
habitat. Bait in all traps was rolled oats of the type used for livestock feed 
This was placed on the pan of the snap traps and on the treadle inside the live 
traps 

Paired quadrats were never set closer to each other than 300 yards nor farther 
apart than 500 yards. Sites as nearly alike as possible were selected for paired 
qua lrats, but the three series were set in different types of terrain to provide a 
cross section of the sagebrush desert of the valley. Quadrats la—1b were on a flat 
1? miles northeast of Moxee; 2a-2b were in a north-facing, rocky ravine on 
Ahtanum Ridge, south of Yakima; 3 was on a flat in Terrace Heights, east of 


TaBui Results of comparative trapping or fi e quadrats in eastern Washingtor 
la ib 2b 
NA I NA LIVE N 
Eutan minimus l 0 2 3 U 
Perognathus parvus 22 23 2 3 17 14 
Onvchomvys leucogaster 0 0 ] 0 0 0 
Reithrodontomys megalotis 3 3 0 0 5 
Peromyscus maniculatus 9 0 9 6 0 0 
lo 28 26 7 12 22 15 
TABLE 2 Estimated populat on of active rodenis per acre 
IE MBER ER 
INDIVIDUALS : 
Kutam minimus 2.4 5.5 
Perognathus parvu 32.4 73. 
Onychomys leucogaster 0.4 0.9 
teithrodontomys megalotis 1.8 10.9 
Peromyscus maniculatus 4.0 8) 
lot 44.0 100.0 
Yakima. Vegetation was similar in all areas, consisting mainly of the dominant 
common sagebrush (Artemisia tridentata Nutt.), somewhat less abundant black 
sreasewood (Sarcobatus vermiculatus (Hook.) Torr.), and downy brome (Bron 
tectorun I . In 2a 2b Chrysothamnus NaAUSCOSUS Pall. Britt. Was also abun 
dant All sites were at least 500 yards from water and were typical of the 
desert. Their only use by man is as occasional sheep or horse pasture, and non 
had been so used for at least six months. 


Mammals noted living in these areas were: Townsend ground squirrel (C2tellu 
townsendii), estivating, not trapped; sagebrush chipmunk, (Lutamias minimus 
Oregon pocket mouse, (Perognathus parvus); grasshoppe! mouse. (Onychomy 


leucogaster): harvest mouse. (Re ithrodontomy meqalotis) - white-footed mouse, 
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Peromyscus maniculatus); black-tailed jackrabbit, (Lepus californicus), not 
trapped; Nuttall cottontail, (Sylvilagus nuttallii), not trapped. 

To estimate the rodent population in the sagebrush desert at this time of year 
the total number of each species caught in five quadrats, divided by five to get 
the mean number per quadrat, is multiplied by two to get the estimated popula- 
tion per acre. The estimated population of active rodents in one acre of sage- 


1 


, 


! lesert in the Yakima Valley during the months of August and September, 
1941, is shown in Table 2. 

To test the reliability of the nearly equal snap-trap and live-trap totals (57 
ndividuals) the chi-square method may be applied to the six quadrat totals 
28, 7, 22 against 26, 12, 15 individuals). The chi-square value of 2.714 indicates 
that a sample deviating this much or more from a 50:50 ratio might be expected 
about 27 percent of the time, a considerable degree of statistical reliability. 

While trapping quadrat 3 it became evident that mice were taking the bait 
of the snap traps more readily than that of the live traps. It is probable that 


the more accessible bait on snap-trap pans attracted more mice than the bait 
inside the live traps. However, when there is no food more accessible than the 
live-trap bait, results tend to be equal for both types of trap. 


The author was aided in various aspects ol this investigation by Mr. Edmund 
S. Norton, Mr. George P. Downs, Miss Ethel Crum, Dr. Frances N. Clark, and 
Dr. Jean M. Linsdal 


SUMMARY 
From five quadrats set in terrain typical of the sagebrush desert of the Yakima 
Valley, Washington, the following conclusions are reached: 
Active rodent population during August and September, 1941, is estimated 


at 44 individuals per acre, composed specifically of: 2 Eutamias minimus, 32 


Perognat! parvus, an oceasional Onychomys leucogaster, 5 Reithrodontomys 
megalotis, and 4 Peromyscus maniculatus. 

2. Similar quadrats of Sherman type and snap type traps produce similar 
re sul 


3. Sherman and snap traps may not be mixed in the same quadrat with the 
expectation of equal results since the bait of the latter is more attractive because 
it is more readily available. 
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NOTES ON THE HABITS AND SIPHONAPTEROUS PARASITES oO] 
THE MAMMALS OF WELLAND COUNTY, ONTARIO 


By E. W. Jameson, Jr. 


Over a period of several years, pertinent data were gathered on the life his- 


tories of several species of mammals at Point Abino, Welland County, Ontario 
Observations and collections were made from November 24-26 and Decembe 
24-26, 1939; April 2-6, 1940; March 30—April 3, 1941; and August 23-Septem- 
ber 22, 1942, at this locality and at irregular intervals elsewhere in Welland 
County. 


Several of the typical habitats of this part of Ontario are represented in 
immediate vicinity of Point Abino. The area considered is approximately 700 
acres of which 75 percent is woodland, the remainder being grassland and 
beaches. The dominant woody vegetation is deciduous. Black oak (Quercy 
velutina), bitternut hickory (Carya cordiformis), black walnut (Juglans nigra). 
ironwoods (Ostrya virginiana and Carpinus caroliniana), beech (Fagus grand 
folia tulip tree (Liriode ndron tulipife ra), wild cherries (Prunu ‘ (2? 
P. virginiana, and P. pennsylvanica), maples (Acer saccharum and A. rubrun 
basswood (Tilia americana), white ash (Fraxinus americana), and white pir 

Pinus strobus) and hemlock (T'suga canadensis) are the trees most commonlh 
seen. The dominant shrubs are spice bush (Lindera benzoin), witch-hazel 
(Hamamelis virginiana), dogwoods (Cornus stolonifera, C. racemosa, and ¢ 
alternifolia), wild black current (Ribes americana), and arrow-woods (Viburnun 
dentatum, V. ace rifolium, and V. trilobum 

The area was trapped regularly, using small snap-back traps, steel traps, and 
live traps. The specimens were placed in white flannel bags immediately upo! 
removal from the traps, and the fleas were saved for later identification. Stom- 
achs were preserved in every instance and, although the numbers are insufficient 
for statistical analysis, they are used here to indicate the important food items 

In preparation of this paper I have received guidance from Dr. Edward ¢ 
Raney Dr. Duane Isely gave me much assistance in the identification of the 
botanical material. 

The account by species given below is not intended to be a complete list of the 
mammals of Welland County. The records serve to supplement the distribu- 
tional studies by Miller (1897) and Saunders (1932), and the notes on the lif 
histories may prove useful in compiling more comprehensive accounts of these 


species, 


ACCOUNTS OF SPECIES 


Didelphis virginiana virginiana Kerr. No specimens were taken, but residents s} 
of its presence i former years 

Parascalops breweri Jachman On September 18, 1942 n adult male was t 
surface runway of Microtus in a field of dense bluegrass Its stomach contained four diy 
terous larvae and several larvae and one adult coleopter From it were taken three fleas 
all of which were female Ctenophthalmus pseudagyrtes Baker 


Blarina brevicauda talpoides (Gappe1 Short-tailed shrews are the most abu 
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of all the mammals studied, and were encountered in almost every irea trapped 
They were found most frequently in low level woods in Pitymys runways, and in grassland 
7 aro Che subterranean runways they occupy are found from just below the 


to lepth of four inches or more While passageways usuall parallele 1 the sur 





ing individuals were taken or 
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Myotis lucifugus lucifugus (Le Conte Little brown bats are common and most ofte 
feeding near wate At 8:15] September 16, 1942, one male and two 
vitl now n¢ he | half ! femoral membrar f one 
rn f } 141 ; r] gle to the ta rtebrae. I i 
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‘f a deer mouse were in the stor h of anotheranimal. Well masticated 


Imost every one of the 15 stomachs examined, but the greater part of the 

sisted of ground vegetal t th an occasional scaly covering of 

None of the animals were parasitised b iterebrids which were so 

I deer mice Siphonapterous parasite lected from chipmunks ( 





Ore} . Baker Trichopsylla acert ordar Enitedia ee Rot} 


, R . I} g il cu f } yne t the bas nd ea he 
he } te + he g During Augus nd Septemb«s ol in always 
’ » thie r nner hile ”) i ‘ Vv gi squirre might be f eding 


ere Ttound in the stomacl ot om 


Orel hou Baker 


Sciurus carolinensis leucotis (Gappet In contrast to other nearby areas, gray squirrels 
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at Point Abino are abundant and easily observed. They are often active about buildings 
In the fall they gather the nuts of black walnut and the acorns of black oak. The mast from 
bitternut hickory and witch-hazel is also much sought after. On September 4, at 9 


three gray squirrels were feeding silently 40 feet from the ground in a bee tree. Not 
infrequently they would drop nuts, thus making a considerable preseasonal supply availab] 
to the less arboreal rodents 
Glaucomys volans volans (Linnaeus). One male was taken in a trap at the base of 
large hard maple on September 20. From it were taken 5 fleas, Orchopeas howard Baker 
Peromyscus maniculatus bairdii (Hoy and Kennicott On April 3, 1941, a male prairi 
deer mouse was taken at the edge of a deciduous woods near an open field This was the o1 ly 


time it was taken, and it was then during a high Peromyscus population. This species prob 
ably occurs on the sandy shores of Lake Erie, but no spe cime ns were collected nere 
Peromyscus leucopus noveboracensis (Fischer Deer mice were always 


in the woodlands and often enter homes, especially during the winter months. Lat 

summer of 1942, their numbers were very low as compared with what they were during other 
trapping periods Coincident with this low population was an infestation of Cuterebra sp 
in 80 percent of the animals collected. The mice averaged 1.5 larvae per animal whil 
many as four were found in one host Several infested animals were kept alive until the 
larvae emerged. The mice ate them during or soon after emergence, however! nd the 
only way a full grown larva could be obtained ‘was to kill the mouse just as the larva was 


emerging. All the full grown larvae were in the inguinal region, but in no instance were an) 
mice emasculated. Infested females were found bearing embryos and infested m 

found to have testes of normal size The larvae in two animals unde1 observation require 
3 and 6 days to emerge after they first became visible During the time of emerget of the 


parasites the deer mice walked with an awkward gait. One deer mouse was fou 





stomach of a chipmunk which in view of the different activity periods of the tw 
might lead one to believe that the mice are seriously handicapped by these parasites 
mass of the stomach contents consisted of ground vegetable matte: Most of t stomachs 
also contained adult insect remains, and two contained feathers of small bird Ar 


sional siphonapterous parasite, Orchopeas leucopus (Baker), was found 





Microtus pennsylvanicus pennsylvanicus (Ord Meadow mice are found in open fields 
where they make their runways under a dense protection of bluegrass and hors 
Equisetum arvens They were also trapped near still water where their runways in stands 
of broad-leaved cattail were not so well defined Meadow mice were hosts t fleas of the | 
species Clenophthalmus pseudagyrtes Bake1 

Pitymys pinetorum scalopsoides (Audubon and Bachmar This small mouse, whicl 
has been collected very few times in Ontario, was taken twice during September 1942. Bot 
were in runways that were being used by Blarina, Peromyscus leucopus, and proba Para 
scalop The tunnels were in the soft dirt in a low damp woods where deciduous trees 
dominated Both were hosts to the same fleas that commonly parasitise othe mammais ol 
the same habitat, namely Clenophthalmus pseudagyrtes Baker Perhaps persistent trapping 


would show this animal to be more common and widespr« 


Ondatra zibethica zibethica (Linnaeus Muskrats are locally abundant in a sm 
where they build their homes in the banks of a drainage ditc] 

Mus musculus musculus Linnaeus. This introduced species was not found to be locally) 
common, but it was taken occasionally in and about houses 


southern Ontari 


Rattus norvegicus (Erxleben One male was taken und cottage 

Sylvilagus floridanus mearnsi (Allen Cottontails are common. One young 
taken September 4 had one flea, Tamiophila grandis Rothschild. One adult female trapp 
Septem be r 19 had a nearly full grown larval Cuterebra sp. in its left shoulde: 

Odocoileus virginianus borealis (Miller Deer are usually present at point Abin 
during the winter months when it is believed they come across LakelEri on the i During 
the summer of 1942, at least two deer remained to breed for the first time in mar years 
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REMARKS ON MYOTIS OCCULTUS IN CALIFORNIA 
_By Kennetsi E. STAGER 


Since the description of the Myotis occultus by Hollister in 1907, all published 
accounts of this interesting and rather rare bat that have come to my attention 
fail to give any information as to its roosting habits or the type of situations 
selected for its diurnal retreat. Most writers mention that specimens were col- 
lected by shooting them as they foraged among stands of cottonwoods. or over 
open bodies of water. 

My first acquaintance with Myotis occultus came on August 16, 1937, in the 
Riverside Mountains, Riverside County, California. On this date I entered 
a large abandoned copper mine in search of bats and, while making my way 
along the main haulage tunnel, I collected an adult male Myotis occultus from 
a roost in a shallow pocket in the rock wall, 6 feet above the floor of the tunnel 
and approximately 100 feet from the mine entrance. 

I did not encounter the Hollister’s bat again until April 30, 1939, at which 
time a large number of Myotis occultus were turned over to me dead by Mr. 
William Lasky, an amateur herpetologist. According to Mr. Lasky, the bats 
were encountered while he was in search of reptiles in the Lower Colorado River 
Valley in the vicinity of Blythe, California. Following directions given me, | 
located the colony on May 14, 1939. The colony, consisting of approximately 
2,000 bats, was made up of three species, namely Myotis occultus, Myotis yuma- 
nensis yumanensis, and Tadarida mexicana, with Myotis occultus making up 
approximately 40 percent of the total. 

For their roost the bats had chosen a large bridge. At a point where the 
horizontal timbers which support the roadbed of the bridge are bolted together 
on top of the piers, spaces one inch wide and twelve inches square are formed, 
due to the timbers being held apart from one another by washers one inch thick. 
The size of the bridge provides approximately 400 of these vertical crevices and 
t was here that the bats were found to have their diurnal retreat. Quantities 
of excrement showed that the majority of these spaces are utilized at some time 
or another, but the most desirable ones seem to be those in the center of the piers, 
as far away from the sides of the bridge as possible. 

In the semi-darkness of these spaces the bats congregate in large numbers, 
with each space accommodating 20 or 30 individuals. 


Here, as is often the case, 
a social delineation was noticeable, with the Tadarida roosting by themselves 
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and the other two species of Myotis roosting together. Some spaces, however, 
were found to harbor only Myotis occultus, while others held only Myotis yuma- 
nensis yumanensis. When disturbed, Myotis occultus became restless and often- 
times left its roosting place and flew to other sections of the bridge. 

From informatior now available it may be said that Myotis occultus is known 
to occupy the roost from as early as April 20 to as late as August 13, but subse- 
quent observations at earlier and later dates should extend the period of tim« 
the species is known to be present in California. <A visit to the roost on Febru- 
ary 17, 1940, failed to disclose bats of any species. 

An examination for ectoparasites on the specimens collected showed them to 
harbor two species of bat fleas, Myodopsylla gentilis Jord. & Roths. and M yodop- 
sylla collinsi Kohls. (Identifications by Glen M. Kohls, U.S. Public Health 
Service. 

A total of 63 specimens have been taken from the colony to date, with 21 
being placed in the Los Angeles Museum collection and 42 in the Stager collec- 
tion, also at the Los Angeles Museum. Only females were found in the roost 
between April 20 and June 2, but on August 13 both sexes were found together, 
with 7 of the 13 specimens collected at that time being males. 

Due to the scarcity of information on the abnormal dentition of this species, 
the following remarks and observations seem justified at this time. Myotis 
occultus is well known for the peculiar tendency it shows towards crowding and 
elimination of the small premolars. Hollister, in his description of the species 
(Proc. Biol. Soc. Washington, vol. 22, p. 43, March 1909), first pointed out th 
presence or absence of the middle upper premolar (pm*) and stated that it was 
missing in one of his two specimens and present in the other. Grinnell (Unis 
Calif. Publ. Zool., vol. 12, p. 265, March 1914) later corroborated Hollister’s 
findings by showing that 50 percent of known specimens collected (which totaled 
8 at that time) showed this remarkable aberrancy from the norm in the genus 
Myotis. Sometime later, Miller and Allen (Bull. U. 8S. Nat. Mus. 144, p. 99, 
April 1928) while examining a series of 27 specimens, including the two taken by 
Hollister and the six taken by Grinnell, found that the second upper premolar 
was absent 17 times in 24 specimens and, if present, it usually was pushed out 
of the tooth row into the angle between the first and fourth premolars where it 
was not visible in side view. They also found that where the second premolar 
is normally present in the lower jaw of Myotis, it was lacking in 2 out of 24 
skulls of Myotis occultus examined. If present, it may be crowded inward from 
the toothrow, or it may stand in the row closely pressed between the other 
two pre molars. 

In addition to the above information regarding this aberrancy as shown by 
previous workers, a study of 67 skulls of Myotis occultus (43 from Stager collec- 
tion and 24 from Los Angeles Museum collection) sheds still further light on this 
dental abnormality. Examination of this series showed that in 31 skulls the 
second premolar of the upper jaw was missing on both sides, in 8 it was missing 
only on the right side, and in 6 it was missing on the left side, thus making it 
fully present in only 22 specimens. 
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An examination of the premolars of the lower jaw shows the second premolar 
to be absent only once out of the 67. It might be interesting to point out that 
in the skull where the second premolar is missing on both sides of the lower jaw, 
it is also missing on both sides of the upper. Miller and Allen, in their discussion 
on the subject, fail to mention the absence of the premolar on only the right 
or left side, so I assume that in the specimens examined by them they found the 
premolar either present or completely absent on both sides. 

A still further departure from the norm is exhibited by one skull of the series 
no. 846 Stager coll.). In this case two well developed canines are present on each 
side of the upper jaw. The extra canine on the right side is crowded inward 
and lies forward of the normal one, while on the left side the extra tooth lies 
inward and posterior to the left canine. The second upper premolar is missing 
on both sides. This case of a second set of upper canines seems to have no real 
significance other than to point out further the instability of the dentition in 
this species. 

To summarize briefly the above data, it has been shown that of the total 
of 91 skulls examined, 62 have shown a tendency toward elimination of the 
second premolar as compared with 29 showing a normal complement of teeth 
for the genus. 


Los Angeles Museum, Los Angeles, California. 


{ SECOND SPECIMEN OF TRUE’S BEAKED WHALE, MESOPLODON 
MIRUS TRUE, FROM NORTH CAROLINA 


By H. H. BriMey 


Early in March 1940 word of a small toothless whale ashore between Gull 
Island and Oregon Inlet, Dare County, North Carolina, reached the Museum. 
It was a week or so later, however, before any member of our force was able to 
look into the matter when H. T. Davis, Director of the Museum, made the trip. 

The specimen proved to be an adult female ziphioid whale, 17 feet in length 
and it was found to contain a well-developed foetus about ready for delivery. 
The foetus measured 7 feet 2 inches in length with an estimated weight of 175 
to 200 pounds. This was brought to the Museum and preserved in fluid afte: 
plaster casts had been made of the body, from which a life-sized model has 
been prepared. 

The head of the adult, together with the tail and the flippers, was also brought 
back for casting, and all the bones of the specimen later were roughed out and 
placed in a sand-box for maceration. As the two teeth were deeply imbedded 
in the tough tissue of the gums, they were left zn situ during the maceration 
period, being later removed and photographed. 

\s there was some doubt as to the identity of the specimen, the skull and teeth 
were submitted to Remington Kellogg, who identified the specimen as Meso- 


plodon mirus True, True’s beaked whale, the type specimen of which was de- 
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scribed by True in 1913 (Proc. U. 8. N. M., vol. 45, p. 651) from a stranded 
specimen found on Bird Shoal, Beaufort Harbor, North Carolina, on July 26, 
1913. 

3ecause the whale had been on the beach for more than a week when Mr. 
Davis arrived on the scene, its coloration in life could not be determined with 
any exactitude. The brownish-black of the upperparts, however, probably had 
undergone but little change. The underparts were lighter, but not white. 

The symmetrical curved line of the large blow-hole and the V-shaped grooves 


of the throat area are noticeable characteristics of the head, as is the somewhat 





projecting lower jaw. These features are indicated in the accompanying 
illustrations. 

In situ, the foetus was doubled back on itself, left side to left side, the distal 
portion making a quarter turn in the region of the caudal peduncle so that the 
caudal fin fitted snugly against the throat, with the individual flukes curved 
up close to the sides of the head. The foetus was facing backwards in the body 
of the parent, towards the genital opening. 

On March 30, 1940, Kellogg wrote me that at that time only eight specimens 
of this species had been recorded since it was originally described by True. 


SOME MEASUREMENTS AND OTHER DATA 


Sex, female, with well-developed foetus in situ 

Lengt} 17 feet 

Greatest depth of body 4? inches 
| 2 


Kistimated weight 2,500 to 3,000 pounds 


Length of head 


35 inches 
Depth of head at base 24 inches | 
Width of head at base 18 inches 
Width of flukes 42 inches 
Flippers 6 x 14 inches 
Height of dorsa 94 inches 
Length of dorsal at base 15} inches 
Eye to tip of snout 25 inches 
Forward edge of dorsal to base of flukes 54 inches 
leeth: Not showing above gum, the two being hidden under about an inch of tissue. They 


pointed almost directly forward; are triangular in shape, much flattened horizontally, and 


situated close to the tips of the mandibles 


Total height of left-hand tootl 52 mm 
Width at base of left-hand tooth 28 mm 


The right-hand tooth measures about 1 mm less in both dimensions 


The following notes and measurements of the skull were made by Kellogg, 


with permission to use them in connection with this paper: 
Vesoplodon miru 


The jugal forms most of the maxillary notch viewed from above; the lachrymal consti- 
tutes the tubercle at the preorbital end of the supraorbital process of the frontal 

The antero-posterior extension (along median line of vertex) of expanded hinder end of 
premaxillary is reduced to a thin wedge-like strip, narrowed posteriorly Antero-posterior 
diameter of right premaxillary on vertex, 84.5 mm 
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Depressed triangle on each premaxillary (located between choanae and premaxillary 
foramen) distinctly flattened and not ‘‘dished in 








Expanded extremity of right premaxillary larger (wider and thicker) than left. se 
tween choanae and premaxillary foramen, the right premaxillary is likewise wider than the 
Nasals larger than those of adult fem: No. 90053, A.M.N.H Antero-posterior di 
meter of right nasal, 75 mm.; of left, 75.5 mm. Transverse diameter of right nasal, 26.5 

mm.; of left, 19 mm 





V-shaped wedge on vertex formed by the frontals; width of the two frontals combined at 














base posteriorly, 47 mm.; antero-posterior diameter of same medially, 36.8 mm 
Ante posterior diameter of right supraorbital process of frontal, 165 mm.: of left, 165 
Distance between inner angles of maxillary protuberances, 145mm. Crest on maxillary 
protuberal is placed obliquely 
Longitudinal ridges on orbital plates of maxillaries (extending from maxillary [antorbi 
tal] notch t Imost level of hinder end of orbit) well marked 
MEASUREMENTS OF THE SKULL (IN MILLIMETERS 
Cond basal length of skull (terminal 30+ mm of rostrum missing 802+ 
Height x to inferior border of pterygoids 312 
Height. vertex to basisphenoid 211 
Vidtl enter of orbits 349 
Widtl ross preorbital angles of supraorbital processes 352 
Widt ross postorbital angles of supraorbital processes 874 
Zyg A 357 
Dist between outer margins of occipital condyles 132 
Rostr ngth from level of maxill antorbit notches to tip 510-4 
Rost th between bases of maxillary (antorbital) notches 207 
Rostrum, width at middk 70 
Distar ! tip of rostrum to hinder end of pterygoids 643-4 
Least dis e between inner margins of maxillaries at the vertex 16.5 
Greatest distance between outer margins of expanded proximal ends of premaxil 
162.5 
Least dist between outer ars f ixillaries opposite choanae 114.5 
D I etween outer mar iries opposite premaxillary foramina 66.5 
ore I betwee 0 hoanat 55.5 
I ~ between I 92.5 
Dis posterior | ramen and end of maxillary protuber 
| ' 69 
ght of temy ossa, exte! ly 77 
5 LcTOSS ¢ ecipitals 308 
Ant ( r diameter of right nas 75 
| Leng n of m<¢ sible on p 152.5 
C g f mandit right. 673+-: left, 669-4 
Lengt mphysis right, 188+; left, 175+ 
Greatest height of mandil t coronoid process right, 117+; left, 123.5 
‘S Vf 7 Raleial \ h Carolir 
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EXPERIMENTAL MASSETERECTOMY IN THE LABORATORY RAT 
By Lorna W. Pratr 


This work was undertaken, with the advice of A. Brazier Howell, to deter- 
mine the effects of unilateral muscular damage upon growing bone and upon 
the symmetry of the skull. Experimentation of a similar nature has been don 
in one or two instances, such as the work on section of the temporalis in dogs 
by Anthony (1903), and by Anthony and Pietkiewicz (1909), but without very 
noteworthy results. 

The laboratory rat was chosen for study because it is easy to obtain, numerous 
young are available upon the day of birth, and much can be done that would 
not be feasible in larger mammals. 

The operations were all done under anesthesia, and every care was taken to 
provide for the comfort of the animals before, during, and following operations 
Aseptic technique was not used because, for some obscure reason, it is unneces 
sary in the rat and no case of postoperative infection ensued. The postopera 
tive care was far superior to that provided the average laboratory rat, as larger, 
less crowded cages were used and they were given special and particularh 
nourishing foods that would be easy to eat. 

The rat does not have a true glenoid fossa, but has much room for lateral 
and propolinal motion, a feature in common with the asymmetrical primat: 
skulls studied by Howell (1925). In this respect rodents such as the rat are 
more comparable to primates than to carnivores 

Vethods.—In conducting a study of the effect of masseterectomy in very 
young rats, several different procedures were tried. In the first, rats one day 
old were chilled on ice until movement nearly ceased, and were then subjected 
to operation (incision shown in fig. 1). This was found to be unsatisfactor 
as considerable bleeding resulted, and it is almost impossible to control hemor 
rhage in the new born rat. In the second method, after chilling, hot dissecting 
needles were tried for cautery, and in some instances the muscle was destroyed 
by searing. This technique was not satisfactory as the wound was in the 
nature of a deep burn, with the gaping edges healing slowly. 

The third method was evolved from the first two. Rats about a week old 
were used and operated on while an assistant gave ether anaesthesia. The skin 
of the cheek was incised from below the zygomatic arch, just below the eye, to 
the angle of the jaw (fig. 2). The skin flaps were retracted, and the external 
jugular vein located and ligated with silk inferior to the masseter. The mas- 
seter was then reflected from the mandible by means of blunt dissection and 


removed, except [01 the part passing through the infraorbital forame The 
internal maxillary artery occasionally gives trouble in this reflection, but ordi- 
narily no excessive bleeding is encountered. In some specimens, the zygomatic 
arch was interrupted by snipping out a small piece of the bone. After this 
shreds of muscular tissue found in the incision were removed by fine pointed 


tweezers and small scissors. This is a rather radical operation and involves 
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considerable trauma to the tissues of the face and cheek. 
of injury to the facial nerve, 


There is some danger 
but in no case has any deficiency been observed 
that could be attributed to its section or other injury. The wound was rinsed 
normal saline solution and the skin flaps approximated with inter- 
rupted sutures 
Result Recovery following the surgical procedures is remarkable. The 
young rats return to suckling within one half hour after they have revived, and, 
if the mother accepts them, they stage a very rapid recovery. Within one day 
they frequently lose all signs of inconvenience caused by the operation. 


It was found necessary either to operate on all individuals of a litter or to 


destroy the intact young, for a mother is extremely likely to kill what she con- 
siders to be an injured young one, whereas she will not molest it if all the others 


e equally affected. An additional reason for treating the whole litter is that 
andicapped by the operation are able to compete with one another, 
but not so well with those that are normal. 





2 of incision 

Attritior f the incisors begins a fev davs afte eruption and by 19 to 21 days 
their norn occlusal surfaces are formed in normal rats (Addison and Appleton, 
1915 As normal extrusive growth continues after the operation, it was found 
necessary to cut the incisors every week and a half or two weeks in order to pre- 

nt t! m interfering too seriously with feeding The upper incisors grow 
ibout 2.2 mm, and the lower incisors, about 2.8 mm, per week (Addison and 
Appleton, 1915). The teeth were cut a little shorter than they would wear 
under norma! attrition and allowed to grow slightly longer than normal. 

Afte eaning. a small bottle of milk was attached to the animal’s cage, and 
soft foods, in addition to a diet of meal, were fed. The meal was a mixture of 
fish meal, peanut meal, sova bean meal and standard middlings, with milk meal 
included it mixtures. Frequently meat meal was substituted for fish meal, 
and the twe ixtures were alternated at regular intervals At least twice a 

ek, green vegetables were fed, and it was found that such greens as the tops 
of carrots could be readily eaten by the animals 

The functional freedom of the animals was very interesting to observe, and 
the variety of food that they were able to eat was surprising. In rat number 1, 
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the lower teeth were allowed to grow until they reached a position lateral to and 
just below the right eye (Pl. 1, nos. 7,8,9). These were allowed to grow because 
they did not interfere with the upper lip, and also because the animal showed 
great dexterity in eating things that might be thought beyond her ability. She 
ate meal, like any of the other treated animals, by picking up a handful and put- 
ting itin her mouth. She seemed to have complete freedom of use of her molars, 
and only the difficulty of getting food into the mouth was observed. She ate 
bread, either dry or soaked in milk, both the white and yolk of cooked or of un- 
cooked eggs, bananas, and carrot tops or broccoli with evident relish. Often, 
food was broken up or shredded by the front feet before it was eaten. The 
milk diet was the easiest for her to obtain. This particular animal, number 1, 
successfully raised a family of eight large, plump and well nourished babies with 
no appreciable difficulty and without resultant emaciation. When she was 
killed, it was found that she was again pregnant. 

While the animals were alive, the functional deformity varied with the speci- 
men. In all probability, this variation was due largely to differences in the exact 
amount of masseter tissue removed. As has been described, the part of the 
masseter originating from the medial surface of the zygomatic arch, and that 
passing through the infraorbital foramen, was left intact, because of the danger 
of hemorrhage if this was disturbed. If little of the masseter was left, the 
deformity became so extensive that the lower incisors would move far enough 
laterally to avoid interference with the upper lip on that side. If more of the 
masseter were left, the resulting lesser distortion meant more interference with 
the upper lip. Should this interference occur, it would be very painful for the 
animal, and for this reason the lower teeth of most of the specimens were cut 
regularly. Only in one instance, that of rat number 1, were the lower incisors 
allowed to grow freely. In no case were the uppers allowed to grow to a point 
where they would become painful. 

The upper incisors were deflected somewhat, so that if they had been allowed 
to grow, they would have perforated the palate asymmetrically. The deflection 
of the lower incisors was the most significant feature of this change, as complet 
malocclusion left the upper incisors free to grow without the restraining effect 
of normal attrition and continued growth would have allowed them tocomplet 
their circle, and to perforate the palate. 

Perhaps the best picture of the extreme result in life can be seen from the 
photographs of rat number 1 taken immediately after death (Pl. 1, nos. 7, 8, 9). 
These show dorsal, lateral and ventral views of the rat, to indicate the profound 
changes in external appearance brought about by this operation. This rat was 
unilaterally masseterectomized and the zygomatic arch was interrupted on the 
same side. 

Autopsy of these animals revealed that the rats were well nourished, appeared 
to be in excellent health, and no pathology was observed outside of the operated 
region. In each animal at least partial destruction of the masseter was found 


The mandibular insertion was completely gone from the angle and part of the 
ramus, to a point half way between the ventral margin of the mandible and the 
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roma Above this point, in most specimens, some masseteric fibers were 
ound, and it was observed that these tissues had a distinetly darker color, 
fibers, and difference in the elasticity of the muscle that was thought to 
a marked hypertrophy of those fibers remaining. Where one external 


as ligated at operation, it was observed that collateral circulation with 


the contralateral jugular was readily established 
In beginning a detailed consideration of the skulls of the animals prepared as 
hove, one « The skulls were prepared 


All original rela- 


9 two important points should be noted. 


hy dermestid larvae, and bleached with hydrogen peroxide. 





PLATE 1 
10. Dorsal and ventral views of skull of rat no. 2: nos. 2. 5. 11 Dorsal and 
ll of 1 m s: nos. 3. 6, 12 Dorsal and ventral views of skull of voung 
1 nos. 7. &. { r ! nd dorsal views of rat no. 1, taken just 
ere determined by studies upon the dried head before contact of fluids 
ten the mandibular symphysis 
I} izarre effects produced in the incisors In some of the specimens, are 
adat t the study but the reason tol this great eXtrusive vrowth must he 


the primary consideration her 


mind and forms 
the changes produced in the animal showing 


will first be given to 


\ St nentinn 
ost remarkable variations from normal. This rat, number 1, a tan hooded 

as operated on when one dav old, at which time unilateral massetet 

ech as done, and the zvgomatie arch of the same side was interrupted 
gre normally, deve loped into an adult, delivered and raised a litter 


ibies, and again became pregnant shortly before her death 


tl skull there have been asymmetrical changes, probably primarily in 
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the mandibk Fi. 


2, nos. 2, 4, 6). There is considerable shortening 
long axis of the mandible, least betwe en the condvk 
incisor and greatest 


i} 
of the mandible and 
16 percent between the 


tip ol the coronoid pro 
the alveolus of the incisor 
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Vertical 


measurements on the }j 


aw reveal an increase in the depth of the 
mandible on the operated side \s these measurements were taken fre rhe 
occlusal surfaces of the crowns of the molars, it is likely that this differen $ 
occasioned by the molar malocclusion resultmg in more attrition of the n 
on the unoperated side of the skull than on the other Other vertical propo 
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tions most markedly changed are the vertical depth of the neck of the condyle, 
which is reduced almost 19 percent as compared with that on the unoperated 
side. The distance between the angular and the coronoid processes is also 
reduced by nearly 9 percent. The last two are regarded as significant changes 
and they certainly are definite reductions in the mass of osseous structure de- 
veloped in a region not under the stresses and strains of normal life. 

The incisor capsule is much reduced in size, and does not show the definition 
nor the vertical length evident on the unoperated side. There is only a faint 
masseteric ridge visible on the inferior border of the operated side, in direct 
contrast to the unoperated side. There is some slight indication of dam age 
to the surface of the bone, as though the periosteum had been disturbed at the 
time of operation, resulting in an uneven surface in the scraped area. 

Probably the most important mandibular change is in the angle of the man- 
dibularsymphysis. ‘This can best be seen in Plate 2,no.3. The symphysis angle 
has deviated from the perpendicular toward the operated side, as indicated by 
the change in the angle of the lower incisors. In addition, slippage has occurred 
in the ligamentous symphysis, resulting in a change of the normal symmetry 
by a relative rise in the mandible of the operated side. This is all due to the 
need for accommodation to the mandibular shortening and inactivity of the 
operated side of the animal. 

The major change in the mandibular position in these animals seems to be 
due to the combined influences of the masseter and the slight interference of 
the lower incisors. The effect of the intact masseter upon the unoperated side 
is to pull the ramus of the mandible up under that side of the skull. This causes 
the mandibular symphysis to rearrange its angle somewhat, resulting in a deflec- 
tion toward the operated side. As soon as the lower incisors rub against the 
operated side of the animal’s head, the masseter pulls upon the lateral side of 
the unoperated ramus, and there is set up a group of forces that tend to increase 


the mandibular angle. In this way distortion of the mandibular symphysis is 
maintained throughout the life of the animal. The constant pull of the tem- 
poralis on the operated side has resulted in a more vertical coronoid process 
than is found on the unoperated side. This change in angle on the unoperated 


side, and its divergence, is due to the rearranged angle of the mandible. 

The cranium shows considerable distortion (Pl. 2, no. 5). The right zygomatic 
arch is interrupted for about 0.5 mm. There is no other bony loss, and all 
changes are rearrangements in the proportions of the bones and their relations 
to one another. There is considerable deflection of the skull, rostral to the 
coronal suture (Pl. 2, nos. 2,3), toward the unoperated side. This has resulted in 
i deflection of the premaxillae toward the unoperated side. As the upper incisors 


pass the point at which normal attrition would limit their length, they gradually 
diverge so that their continuation would cause one to pass through the palate, 
probably at the anterior palatine foramen, and the other up into the surface of 
the maxilla anterior to the molars and below the infraorbital foramen (PI. 2, no. 5). 

Aside from the changes occasioned by the torsion of the rostral part of the 


skull, there are no changes of note in the cranium of this animal. 
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Due to the considerable deviation of this specimen, it is felt that there are two 
chief factors contributory to the extreme amount of distortion. These are the 
interruption of the zygomatic arch and the very early date at which the animal 
was treated. The interruption of the arch may have resulted in two possible 
changes. The distortion may be due to a “release’’ phenomenon, or it may be 
due to the fact that when the arch was interrupted, more of the masseteric tissu 
was destroyed. The infraorbital origin of the muscle was then destroyed more 
completely than in the others, with the result that the spasmodic, longitudinal 
contractions on the other side of the skull allowed the rostrum to be deflected 
in the direction in which tension was greatest. 

The other chief alteration in the animal was in the occlusal surfaces of the 
molars. These reflect the stress and strain of the muscles. The molars in the 
normal rat less than a year old are not badly worn and show their cusps clearly. 
Normal attrition of the molars produces wear in a very different way from that 
found in masseterectomized animals. The asymmetrical attrition of the molars 
is well seen in Plate 2, no. 6. 

The other experimental animals showed much the same deformities, differing 
only in degree. Rat number 2 was operated on when 6 days old and died when 
43 days old. It shows the most profound change obtained in any instance in 


the rostral part of the skull (Pl. 1, nos. 4, 10,11). The skull isstill immature, and 
for that reason it is rather difficult to use as a basis for thorough study. Thesame 
trend in alteration of bony proportions is found as in rat number 1. There are 


variations in degree, but no essential differences. 

{at number 3 was unilaterally masseterectomized when 6 days old and lived 
until 43 days of age. Distortions in this skull follow the same pattern as in 
numbers | and 2 with the exception that rostral distortion is much less, and 
the mandibular symphysis has a more normal angle (Pl. 1, nos. 2, 5, 11 

{at number 4 exhibits the same trends as were described in the case of number 
1. This rat was unilaterally masseterectomized when 7 days old and died when 
18 days old. It was raised in a litter of normal animals and was unable to meet 
the competition of the others. 

It is well known that tension or impact stimulates linear growth of bone in the 
opposite direction, and that a process will tend to grow at a right angle to musel 
pull, although the results are variable. Part of the growth of a process is usually 
ontogenetic and part inherited. 

In endeavoring to interpret the deformities of the masseterectomized rats in 
terms of the above tenets, I may first consider the reduction in distance between 
the angular and coronoid processes of the mandible. It is thought that this ma) 
be attributed to the lack of tension upon the angular process and it may be 
pointed out that this also accounts for the reduction in vertical thickness of the 
neck of the mandible, on the operated side. The slight increase in the total 
length of the mandible may be accounted for by the fact that attrition of the 
incisors takes place for some time in these animals, and that complete malocclu 
sion occurs on the-unoperated side first. This exposes the operated side to attri 
tion, or impact, for a longer period of time, which accounts for its slight increas¢ 
ye seen in the lessened depth 


in length. Reduction of the bony eminences may 
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of the masseteric ridge, which has no muscle to pull against it. This would 
seem to favor the ontogenetic factor in the development of processes in bones. 
The fact that it is not totally absent could be accounted for largely by the fact 
that hereditary development seems to play a prominent part in this process. 

From this, it may be seen that the laws of bone growth are illustrated by the 
distortions seen in the se skulls, and that some of the deformities may be explained 
in terms of principles already understood 

The author gratefully acknowledges the cooperation and assistance of Miss 
Elinor Widmont of Art as Applied to Medicine of the Medical School of Johns 


Hopkins University in making the drawings for this paper, and in arranging the 


Conclusion This study indicates that experimental masseterectomy causes 
asymmetrical development in the skull of the laboratory rat. Mandibular 
development is retarded by experimental masseterectomy. Malocclusion is 
devel 


veloped i 


by experimental masseterectom) Long mandibular proportions are 
little changed. Vertical mandibular proportions are most changed. Rostral 
torsion is muscular rather than a “release”? phenomenon when the zygoma is 


nte ipted 


SUMMAR' 


Unilateral masseterectomy was produced in the laboratory rat at an early age, 
and the young thus altered were raised to various stages of development. The 
amount of masseteric tissue removed, coupled with the presence or absence of a 
complete zygomatic arch, produced noteworthy changes in the development of 
the mandible, the angle of the mandibular symphysis, the attrition of both the 
molars and the incisors, and the development of the rostral region of the skull 
Bone growth seems definitels 


ke 


relate d to the presence o! muscular tissue ac tively 


luling up it 
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A STUDY OF INDIVIDUAL VARIATION IN MICROTUS 
PENNSYLVANICUS PENNSYLVANICUS 


By Otntve B. Gorn 


It is hardly necessary to state that in any series of animals taken from the same 
locality there will be a certain amount of individual variation, but in most cases 
little is known of the extent of this variation, especially in the smaller mammals 
J. A. Allen (1894) published an account of a study of such variation in Neotoma 


micropus dealing chiefly with differences in size and relative proportions due to 


age. A. B. Howell (1924) has a similar paper on Microtus montanus yosemit 
and Dice (1932) and Sumner (1920) have both worked with Peromyscus, although 


| 


they have been more concerned with differences in populations due to geographi 
cal variation. An account of variability in the Platyrrhine monkeys was pub 
lished by Schultz (1926). As yet, however, we have little knowledge of the rang 
of variation that may occur in a group of mammals living in one locality and 
consequently subject to closely similar environmental effects. Such knowledg 
is essential to the study of geographical variation in relation to the formation of 
subspecies and is thus fundamental to an understanding of the processes of 
evolution. This present study was undertaken with the idea of obtaining some 
information regarding variation in a representative series of the Pennsylvani 
meadow mouse, Microtus pe nnsylvanicus pe nnsylvan cus (Ord). 

I wish to express my gratitude to the late Dr. H. H. Collins of the University 
of Pittsburgh for his many helpful suggestions and criticisms. I also wish t 
thank Mr. J. Kenneth Doutt of the Carnegie Museum, who, with Mr. Willian 
LeRoy Biack, collected the specimens here reported on, and who has been un 
failingly kind and helpful to me throughout. I am indebted to Mr. John J 
3urke for many pertinent suggestions in the interpretation of variation in th 
molar pattern. Dr. H. B. Sherman of the University of Florida read the entire 
manuscript and has offered a number of helpful criticisms. Finally I wish to 
thank Dr. T. H. Hubbell of the University of Florida for editing the manuscript 

The specimens studied, which are now in the collection of the Carnegi 
Museum, were taken in Pymatuning Swamp, Crawford County, Pennsylvania 
Collections were made in 1932 from March 31 to May 29, September 17 and 18 
October 2 to 8, October 30 and 31, and on February 17 and 18, 1933 At that 
“"ymatul 


time, before the construction of the Pymatuning Dam and Reservoir, | 
ing Swamp was a wooded bog, roughly crescentic in shape, extending northward 
from Adamsville past Hartstown and Shermansville almost to Linesville, and 
then running west and northwest to Espyville, and in a narrow belt to Westford 


and further south. It was about 15 miles in length, and varied from one to three 


miles in width. Most of the trapping was done in the region west and southwest 


was 


of Linesville, and in the v icinit, of Hemlock Island, an elevated knol 
probably once an island in the glacial lake that formerly occupied the region of! 
the swamp 

One hundred and twenty-nine specimens of Microtus p. pennsylva 
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taken, 69 males and 60 females. Only adult specimens with skulls in good 


condition are included in the measurements. These number 56 males and 48 
females. Certain skulls were slightly damaged so that some of the measurements 
could not be taken on them; therefore not all of the series of measurements 
include the entire series of specimens. The external measurements and the 
presence of embryos were recorded at the time of skinning. The study skins 





D E F 
Fic. 1. Variation in third upper molar of Mi 
to the M. chrotorrhinus type A. Normal penn 


olus p. pennsylvanicus showing approach 
yivanicu molar with four inner and three 
iter salient angles. B, C, and D. Stages in development of fifth inner salient angle 
E. Rudiment of fourth outer salient angl« F. Normal chrotorrhinus molar with five 


five inner 
and four outer salient angles. Drawn by W. L. Brudon 
were examined for coloration and for evidences of molt; measurements were taken 
on the skull; and variations of pattern of the molar teeth were studied. 

There is little obvious difference in the color of the specimens. Some of them 
appear grayer than the others, but this is due to the fact that in these the pelage 
is more worn so that the light terminal bands of the hairs have been lost and the 


dark plumbeous bases are exposed. Specimens with an unworn pelage aré 
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browner. Molt is not evident on the surface as it is in Peromyscus but may be 
seen by blowing back the hairs of the coat so that the dark tips of the incoming, 


y 


hairs are exposed. No definite molt pattern was observed. Eight of the 5: 


) 
individuals taken in April were in process of molt, as were 9 of the 25 taken in 
May. Four young specimens caught in October were assuming the adult coat. 
Time of molt is probably largely determined by the age and physical condition 
of the animal, and since, as Bailey (1924, pp. 528-531) indicates, there is no defi- 
nite breeding season for Microtus, there appears to be no definite season for 
change of pelage. 

Twenty-five out of 60 females in this series were recorded as being pregnant. 
According to Bailey (1924, p. 528), the gestation period for Microtus pennsylvan- 
icus is twenty-one days. A. B. Howell (1924, p. 989) says, “For the first few 
days after impregnation the embryos are so small as to escape detection by the 
average collector, who gives but a hasty glance into the abdominal cavity. The 
writer has no means of knowing the exact time at which appreciable swellings 
within the uterus indicate clearly that the animal is pregnant, but it is certainly 
more than three days. If we say three days, to be conservative, then only six 
out of seven pregnant females are recorded as in this condition by the careful col- 
lector.”” If this proportion holds, then 29 instead of 25 out of 60, or approxi- 
mately one half of the females, were probably pregnant. Unfortunately the 
number and size of the embryos were not recorded in all instances. Table 1 gives 
the number per uterus, size of embryo, and date of capture, for 19 females. 
In size the embryos range from 3 to 23 mm with an average length of 10.6 mm 
The embryos of no. 8336 were recorded as having a length of 35 mm, but this is 
obviously an error, and was disregarded in determining the mean. 

A. B. Howell (1924, p. 989) found that the embryos of Microtus montanus yose- 
mite ranged from 2 to 16 mm in length, those of the latter size being at practically 
full term. The difference which this would indicate between M. m. montanus 
and M. p. pennsylvanicus in size of the young at birth is surprising in view of the 
fact that the adults of the two searcely differ in size. The discrepancy in r 
corded embryo size may in part be the result of different methods of measure- 
ment. 

In one female only a single embryo was found, but this is apparently not a 
normal condition. Disregarding this individual, the number of embryos pe! 
uterus varied from 4 to 8 with an average of 6.05. Howell (1924, p. 989) states 
that in Microtus m. yosemite there were more embryos in the larger than in the 
smaller females. From the present study there is no indication that this condi- 
tion exists in M. p. pennsylvanicus, for the average number of embryos per uterus 
for the five largest females, as judged by condylo-basilar length, was 5.8, while 
the average for the five smallest was 6.4. These figures are, of course, not con- 
clusive. If size is an indication of age, as seems probable, we would expect, from 
what is known of domestic animals, that the larger animals would be more 
fecund. Also, Howell (1924, p. 989) reports that there were fewer pregnant 
females among the larger than among the smaller specimens. This again is not 
indicated by the present figures. 
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The external measurements, total length, tail, hind foot, and ear from notch, 
were taken in the field by Mr. Doutt and Mr. Black. Since such measurements 
ary considerably with the length of time that the animal has been dead, they 
are not so accurate as measurements made on the cleaned skulls. Howell (1924, 
p. 985) says “It is thus seen that even when the measurement is taken carefully 
by the same person total length varies more than 5 percent, according to the 
length of time that has elapsed between death and time of measuring. There 
must be at least 5 percent additional difference in this figure when it is taken 
by several collectors, making in all a possibl error of 10 percent in the total 


length as given upon the labels of the average study skin.”’ 


LABLE | List of embryos found in nineteen female Micre g howing number of embryos per 


iterus, le ngth of embryos. and date « hich pecimen was taken 
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\ll measurements are given in millimeters. The mean, standard deviation 
and coefficient of variability have been calculated for each measurement. Tables 
2 and 3 show these figures for the male and female series 

The total length of the specimens was taken in the usual way, from the nose to 
the tip of the tail vertebrae. In the male series the extremes for this measure- 
ment range from 184 to 145, a difference of 39; and in the females from 181 to 
140, a difference of 41. The females have a larger coefficient of variability, 
14.87% than do the males, 12.49%. This greater variability in the females is 
not borne out by the cranial measurements, for most of which the males are more 
variable than the females. It is apparently a reflection of the high degree of 
variability shown in tail length by the females of this series. The mean total 
length of the males is 165.35, and of the females is 160.8. 
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Length of tail is an unreliable measurement 
length of time that the animal has been dead. but also. the tip is probably often 
injured in the wild state, so that the measurement given may not be indicative of 
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the normal length of the tail. It is the most variable measurement in the whole 
series. The extremes for the males are 58 and 35, with a difference of 23. In 
the female series they range from 52 to 35, a difference of 17. However, as in 
the last measurement, the females show a greater degree of variability. The 
coefficient of variability for the males is 23.55% and for the females 25.74%. 
The mean for the male series is 45.65, for the female, 42.89. The measurement 
shows little correlation with other measurements 

The length of hind foot is the least variable of the external measurements, al- 
though more variable than most of the skull measurements. The males vary 
from 22 to 18, a difference of 4, and the females also from 22 to 18. The mean 
for the males is 20.50, and for the females 20.12. The difference is so slight as 


to be of little significance. The coefficient of variability is 13.66% in the males, 


and 11.63% in the females. This greater degree of variability in the males 
agrees with Howell’s findings in yosemite and is in accord with the differences 
found in the skull measurements Length of hind foot shows little correlation 
vith age as indicated by size of skull 


Ear length is, next to tail length, the most variable of the measurements. It 
; rather difficult to take accurately, and like the other external measurements, 
aries with the length of time the animal has been dead. In both male and 
female series the extremes range from 16 to 12, a difference of 4. In the males 
the mean is 13.94, and in the females, 13.56. scarcely a significant difference. 
The coefficient of variability is 21.66% for the males, and 21.31% for the females. 
This measurement appears to be slightly better correlated with length of skull 
than are the length of hind foot and length of tail 

It is apparent that the external measurements are extremely variable. While 
some of this variation is doubtless due to the difficulties in measuring mentioned 


hove. there is little doubt that the skull measurements are in fact less variable 
‘he skull measurements were taken with vernier calipers and have all been 
repeated at least twice 


fotal length of skull was taken from the condyles to the most anterior point 
of the incisors The longest skull in the male series measures 28.6, the shortest 
25.4 difference of 3.2. The longest female skull is 28.7, the shortest 25.4, a 
difference of 3.3. The mean total length for the females is smaller however, than 
that for the males, 26.65 for the females as opposed to 27.21 for the males. 
The measurement in both groups is one of the least variable of the whole series, 
7.35% in the males and 6.80% in the females. This difference in the coefficient 
Or iabilitv in the two sexes is too slight to be of anv statistical significance, but 
hen the whole series of measurements is regarded the fact that the males 
consistently show a slightly higher degree of variability is perhaps not without 
meaning 

The condylo-alveolar length was measured from the anterior margins of the 
molar alveoli to the occipital condyles. It is the most constant measurement in 
the entire series, with coefficients of variability of 6.63% in the males and 6.62% 
in the females. In the males, the extremes vary from 18.4 to 16.3, a difference 
of 2.1, and in the females from 18.2 to 16.2, a difference of 2.0. Here again the 
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mean length of the female series is smaller, 17.29 in the males as opposed to 17.04 
in the females. 

The length of the diastema was taken between the anterior margins of the 
molar alveoli and the posterior margins of the incisive alveoli. For the male 
series it ranges from 9.1 to 7.6, a difference of 1.5. In the females the extremes 
are 9.0 and 7.5, a difference of 1.5. The mean for the male series is 8.33, for the 
female, 8.19. The measurement is rather variable, 9.36% in the males and 
10.11% in the females. This measurement is one of the three skull measure- 
ments for which the females show a greater degree of variability than do the 
males. These figures indicate that most of the variability in the length of th 
skull is due to differences in the rostrum rather than in the cranium. 

The condylo-basilar length was determined by adding the condylo-alveola 
length and the diastema. It is more variable than the former, but less so than 
the latter, 7.64% in the males and 7.51% in the females. In the males it ranges 
from 27.1 to 23.9, with a difference of 3.2; in the females from 27.2 to 23.9, a 
difference of 3.3. It is interesting to note that the two measurements forming 
the condylo-basilar length do not always vary together. In skull no. 7619, 
which has a condylo-basilar length of 25.9, the condylo-alveolar length is 17.3 
and the length of the diastema is 8.6, while in the case of skull no. 7937, with the 
same condylo-basilar length, the condylo-alveolar length is 17.8 and the diastema 
is 8.1. Length of cranium therefore does not always vary directly with length of 
rostrum, although this is usually the case. 

The length of the incisive foramen was taken on the right side of the skull 
In some instances there is a difference of one or two millimeters between the sides 
of the same skull. It is an exceedingly variable measurement, 17.07% in th 
males, and 14.60% in the females. The extremes for the male series are 5.6 
and 4.2, a difference of 1.4. The females range from 5.6 to 4.1, a difference of 
1.5. This measurement is the most variable of all the skull measurements, and 
shows little correlation with the size of the skull. The mean for the male series 
is 4.84, that for the female series is 4.64. The males are 2.47% more variabk 

The length of the molar tooth row was taken from the anterior t« 


the posterio! 


edge of the molar alveolus on the right side of the skull. It is a rather difficult 
measurement to take accurately in instances where the molars are loose or per- 
haps missing. One of the male skulls was slightly broken, so that only 55 are 
represented in the measurements for this character. It varies in the case ol 
the males from 7.0 to 5.9, a difference of 1.1, and in the females from 7.0 to 6.0, 
a difference of 1.0. It shows very little correlation with the total length of th 


big Ui 


skull. The means for the two series are very close, 6.46 in the males and 6.42 
in the females. The measurement is not very variable, 7.88 in the males, 
and 6.99% in the females. Howell (1924, p. 1010) found the females in his series 


to be slightly more variable in respect to this character than the males, but this 
is not the case in the present study, where, as usual, the males are somewhat 
more variable 

The rostral breadth was taken across the rostrum directly anterior to the 


antorbital fossae. In the male series it ranges from 4.5 to 3.7, a difference oi 
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0.8, and in the females from 4.4 to 3.8, a difference of 0.6. The difference be- 
tween the mean for the males, 4.09, and that for the females, 4.06, is too slight 
to be of any significance. The coefficient of variation is fairly large, 9.63% in 
the males and 8.84% in the females. The measurement does not show much 
correlation with the length of the skull 

The interorbital breadth was taken across the narrowest part ol the inter- 
orbital constriction. This region is not much constricted in Microtus, being but 
slightly smaller than the rostral breadth. The extremes for the male series are 
1.0 and 3.4, a difference of 0.6. For the females they are 4.1 and 3.3, a difference 


of 0.8. The mean for the male series is larger, being 3.71, while that for the 
female series is 3.68. This difference, however, is scarcely significant. The 
neasurement is quite variable, 9.33% in the males and 8.99% in the females. 


Here again the sexual difference has little meaning. There is not much correla- 
tion between the interorbital breadth and the length of skull, nor is there as much 
as one might expect between the rostral and interorbital measurements. In 
skull no. 8235, the former is 4.5 and the latter 3.6, while in skull no. 7709 they 
are 4.0 and 3.9 respectively. These are rather exceptional cases 

The zygomatic breadth is the greatest distance across the zygomatic arches. 
Although these arches are fairly broad and strong in Microtus they are some- 
times broken in cleaning, so that some of the skulls, otherwise perfect, lack the 
jugal bones and are not included in this series of measurements. The figures 


represent o 


9 
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males and 44 females. In the male series, the extremes range from 
16.3 to 13.6, a difference of 2.7, and in the females from 16.2 to 13.6, a difference 
of 2.6. The mean for the male series is 15.04, for the female series, 14.78. The 
coefficient of variability in the males is 9.22%; in the females, 8.05%. This 
measurement is better correlated with the length of skull than are the other 
measurements for width 

The lambdoidal breadth was taken across the lambdoidal crests. In one male 
skull the crest was slightly crushed so that only 55 are included in the figures. 
The males vary from 13.2 to 11.2, a difference of 2.0. The females range from 
o 11.4, a difference of 1.5. The mean for the male series is 12.19; for the 
female, 11.96. The measurement is the least variable of those for width, 7.78% 
in the males and 7.21% in the females. The sexual difference has little signifi- 
cance. Like the zygomatic breadth, this measurement is fairly well correlated 
th the length of skull. 


Height of skull was measured as a line from the highest part of the center of the 
= 


roof of the cranium passing vertically to a line drawn along the center of the 
palate. It was felt that a plane passing along the highest points of the mola 
teeth, such as was used by Howell (1924, p. 998) is too apt to be affected by whether 
the teeth are loose in the sockets, and that therefore a line along the center of the 
palate gave a more accurate measurement. In two skulls the parietal bones were 
looseried so that the measurements include 55 males and 47 females. In the 
males, the measurements range from 9.0 to 7.5, a difference of 1.5, and in the 
females, from 9.1 to 7.6, also a difference of 1.5. In the males the mean is 8.95; 
in the females, 8.82. The coefficients of variability are 8.44% in the males and 
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8.16% in the females. These differences are not great enough to be of much 
significance. The measurement is fairly well correlated with the measurements 
for length, less well so with those for width. 

The condylo-zygomatic length was taken on the right side of the skull from 
the occipital condyle to the anterosuperior edge of the zygomatic branch of the 
maxilla. In the male series the extremes range from 22.6 to 19.9, a difference 
of 2.7, and in the females from 22.7 to 19.9, a difference of 2.8. The means for 
the two series are, respectively, 21.22 and 20.88. The coefficient of variation is, 
for the males, 8.25%, and for the females, 9.09%. This measurement and the 
following one, with the diastema, are the only ones in the whele series in which 
the females are more variable than the males, and even here the difference is 
so slight as to be of little significance. 

The alveolar width is the greatest distance between the lateral borders of th 
molar tooth rows. The measurement is apt to be affected by the looseness of 
the molars and is therefore not so reliable as some of the others. The extremes 
in the male series are 5.6 and 4.8, a difference of 0.8; in the females the extremes 
range from 5.8 to 4.9, a difference of 0.9. The mean for the male series is 5.20, 
for the female, 5.22. This measurement is the only one for which the mean fo 
the females exceeds that for the males, and even here the difference is so slight 
as to be of no significance. The females are also more variable than the males, 
the coefficient of variation for the latter being 6.65%, and for the former, 8.62% 
It is interesting to note that in the measurements concerned with the molar teeth, 
that is, the length of the tooth row and the alveolar width, there is less difference: 
in size between the sexes than for most of the other measurements. 

It was difficult to find a convenient method for measuring cranial capacity 
Small units of measurement, such as dust shot, inclined to slip through the 
foramina of the skull, and also varied greatly, due to differences in packing, in 
the number which could be placed in the same skull at different times Also 
such small units were difficult to count, and the final count was found to bi 
open toerror. ‘Too large shot tended to minimize the amount of variation. No 
10 shot was finally found to be fairly satisfactory, but the measurement was not 
entirely accurate. It must be remembered that the size of the cranium is deter- 
mined by the breadth and height of the skull as well as by its length, although it 
seems to vary most in accordance with the latter. We should, therefore, expect 
to find a greater degree of variability for this measurement than for the others 
of the skull. In the male series, the number of shot that can be placed in a skull 
ranges from 134 to 96, a difference of 38. In the females the extremes are 130 
and 103, a difference of 27. These figures for the females include only 47 skulls, 
since one skull was slightly broken. The mean for the male series is 116.98, for 
the females, 113.70. The difference is negligible. The coefficient of variability 
for the males is 14.57%, for the females, 14.50%. Itis, as was anticipated, larger 
than the variability shown by the other skull measurements with the exception 
of the length of the incisive foramen. 

Although in most of the measurements the sexual difference in size between 


the two series is so slight as to be negligible when considered for a single measure- 
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ment, the fact that the males almost consistently average slightly larger may be 
not without significance when the whole series of measurements is considered. 
The same statement may be made with regard to the coefficient of variability. 
In these animals, as in most mammals in which the comparative variability of 
the sexes has been studied, the female is the more conservative of the two. 
Schultz (1926) has published the results of a comparative study of variability 
in the Platyrrhine monkeys and in man. The average coefficient of variability 
for cranial measurements in adult male Alowatta is given as 3.10%; for Ateles it 
is 4.41%; and for adult male Swiss itis 3.51%. The average coefficient of varia- 
tion for the skull measurements in the series of Microtus Dp. pennsyli anicus is 
8.85%. Microtus is thus apparently more variable than is man. Probably the 
same will be found to be true for many 6f the smaller mammals when we know 


more about the range of individual variation in these forms. 


TAF 4.—Comparison of means for skull measurements of Microtus from Pymatuning Swam} 
and Bec r County 
. URE ‘ k F FROM | MEAN FOR SERIE R 
. VAM BEAVER 
Total length of skull 97.21 26 50 
Condylo-alveolar lengtt 17.29 16.82 
Diastema 8.33 8.14 
Condylo-basilar length 25.68 94.96 
Incisive forame! { R84 1 93 
Molar tooth row 6.46 6.40 
Rostral breadtt 4.09 4.099 
Interorbital breadtl 3.71 3 83 
Zygomatic breadtl 15.04 14.83 
Lambdoidal breadth 12.19 12.04 
Height ol sk ull R O5 8.21 


yio-zygomatk length 21.22 20.61 





e re OF 


widtl 5.20 0.04 


Unfortunately, no comparable series of meadow mice from a different locality 
was available for comparison. However, 16 specimens, 10 males and 6 females, 
from Beaver County, Pennsylvania, were measured. Inasmuch as Microtus p. 
pennsylvanicus becomes larger towards the south, we should expect that, if any 
difference were found between the two series, it would be that the Beaver speci- 
mens are slightly larger. Table 4 shows a comparison of the mean measurements 
for the males from the two localities. For all measurements except the length 
of incisive foramen, interorbital breadth, alveolar breadth, and rostral breadth, 
the Pymatuning specimens are larger. For the rostral breadth they are the 
same. The same results were obtained when the female series were compared. 


This would seem to indicate that there is a difference in proportion between the 


two populations. The Beaver specimens seem to be slightly shorter and slightly 
broader in the fore part of the skull. Needless to say, such results would have 


to be checked on a much larger series before any definite statement could be 
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made, but at least these differences suggest interesting possibilities for future 
study. 

The molar teeth were examined for variations in pattern. Such variation is 
fairly common, especially in the third upper molars. The normal pattern of this 
tooth consists of an anterior crescent, three closed triangles, and a posterior loop 
with two inner lobes, making three outer and four inner salient angles (see fig. 1 
In this series of specimens, however, the tooth shows a progressive modification 
by which the posterior loop becomes three-lobed. The gradations by which the 
series passes from one form to the other are very small, and it is difficult in many 
cases to say whether the tooth shows the extra lobe. In approximately 20 per- 
cent of the skulls the structure is well enough developed to be quite noticeable. 
It may be present on one side of the jaw and not on the other. Howell (1924, 
p. 1012) records a similar variation in specimens of Microtus montanus yosemite, 
although it is apparently not so common in his series as in the present one 
Miller (1896, p. 64) has also remarked on the occurrence of this variation. The 
three-lobed condition is normal in M. chrotorrhinus. It is interesting to note 
that a somewhat analogous situation is reported by Shreuder (1933, pp. 20-21) in 
his study of Microtinae of the Netherlands. Microtus a. arvalis has normally 
four inner salient angles, as has pennsylvanicus. In certain cases, only three are 
present and all gradations between the two conditions are found. 

Another variation that sometimes appears in the third upper molar of the 
Pymatuning series is the presence of a small fourth outer salient angle. This 
is another feature that is typical of chrotorrhinus. Indeed, the presence of both 
of these characters in a well developed condition would give a tooth similar toa 
chrotorrhinus M*. Komarek (1932, p. 156) reports a specimen of chrotorrhinus 
that has one angle less than normal. 

A possible explanation of these facts is that the third upper molar in Microtus 
is undergoing reduction. The most primitive condition is found in chrotorrhinus, 
in which the extra outer salient angle and extra inner angle are both present 
normally. In pennsylvanicus these two angles have almost disappeared, with 
the fourth outer angle more nearly gone than the fifth inner angle. Both, how- 
ever, appear occasionally. A similar condition is found in montanus. In the 
case of arvalis, these two angles have completely disappeared and reduction of 
the fourth inner angle is becoming evident. Unfortunately, not enough is known 
of the evolution of the teeth of Microtus to show whether these deductions are 
correct. Much more fossil material must become available before any definit 
statements can be made 

Other variations occur in the teeth, although none are so marked as these. 
The posterior triangle of the first upper molar may develop a loop at the posterior 
end. There is a good deal of variation in the shape of the anterior trefoil of the 
first lower molar. The second molars in both the upper and lower jaws are 
almost constant. In skull no. 8139, which is apparently fully adult in other 
respects, the third lower molars have just appeared, and scarcely rise above the 
level of the bone. 
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SUMMARY 


\ study was made of individual variation in a series of the Pennsylvania 
meadow mouse, Microtus pennsylvanicus pennsylvanicus (Ord). 

There is little apparent variation in coat color. Molt is not visible on the sur- 
face and does not appear to be seasonal in occurrence. 

Approximately half of the females were pregnant, with an average of 6 em- 
bryos per uterus. The embryos average 10.61 mm in total length. 

External measurements are found to be very variable. The most variable is 
the tail length; the least variable, the length of hind foot. 

Skull measurements are less variable than the external measurements. The 
three least variable measurements are the condylo-alveolar length, the total 
length of the skull, and the length of the molar tooth row. The three most 
variable measurements are the length of the incisive foramen, the cranial ca- 
pacity, and the length of the diastema 

A slight sexual difference is shown between the male and female series, with 
the males averaging somewhat larger and more variable. 

Considerable variation is found in the pattern of the molar teeth. The third 


} 


ipper molar is apparently in a rather active stage of reduction 
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JOURNAL OF MAMMALOGY 
THE BODILY STRENGTH OF CHIMPANZEES 
By GuLen FINcH 


Some time ago, Bauman (1923, 1926) reported a few observations on the 
bodily strength of chimpanzees. His conclusions, based on dynamometer meas- 
urements, indicate that the adult chimpanzee is several times as strong as man, 
The present investigation was undertaken as an attempt to clarify and to supple- 
ment Bauman’s data. 

Kight chimpanzees from the Yale Laboratories of Primate Biology colony were 
used as subjects (all four of the adult males in the colony and four adult females). 
Of these, five are among the healthiest and most vigorous animals in the colony: 
the other three (Jack, Cuba, and Pati) cannot be characterized as especially 
vigorous and healthy, although all were in good condition at the time of the 
present experimentation. 

The technique utilized consisted of the subjects’ pulling in an incentive placed 
on a small carriage which was attached to a 1-inch Manila rope, resistance being 
furnished by a variable weighting of the rope. Figure 1 is a profile diagram of 
the apparatus. It will be noted that, from the weights, a rope is led over a pulley 
system so arranged that the animal is required to pull with a power twice as great 
as the weights (7.e., a unit movement of the rope results in 2 units of movement 
of the weights). It will also be noted that a ratchet (attached to the first pulley 
above the weights) was provided, which prevented backward movement; th 
ratchet engaged with every 3 inches of forward movement of theincentive. The 
weights used were dises of cast iron, each weighing 10 pounds. 

With such a system as that diagrammed (fig. 1), it is obvious that the fore« 
subject must apply to move the incentive is determined by (1) the gravitational 
resistance of the load, (2) the inertia of the system, (3) the power of the pulley 
system, and (4) the frictional resistance of the system. In order to translate th 


subjects’ pulls into absolute terms. the force necessarv to move the system at 
each of the 10 pound weight increments was determined by attaching a spring- 
scale to the rope in the subject’s position and pulling it with a windlass Seale- 
readings were taken at the instant the system was put in motion Figur 
presents the calibration data. Each of the points represents the mean of 5 seal 
readings. The straight-line, fitted to the data graphically, was drawn so that 
the force of pulls beyond the scale’s calibration (viz., beyond 300 pounds) might 
be estimated 

Each subject was tested with a modified ‘‘method of limits’? techniqu: Pre- 
liminarily, the subjects were accustomed to the apparatus through several days 
with increasingly greater resistances to their pulls, each subject being allowed to 
recover the incentive (a small piece of fruit) with each completed pull (a com- 
pleted pull consisted of pulling in the rope a distance of 9 to 12 inches). ‘Test 
trials were given in two days’ sessions, the first day with normal prior food- 
deprivation (each subject was tested in the morning before a major feeding), 
the second day with 24 hours prior food-deprivatiot 
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Tests were conducted as follows: With one small piece of banana as incentive, 
the subject was given the rope and allowed to pull against the maximal resistance 
that he had previously overcome. When the incentive was recovered, the rope 
was withdrawn, one 10 pound weight was added to the load, another piece of 
banana was provided as incentive, the subject was given the rope and allowed to 
pull. If the subject failed to move the system in one minute, an additional 
piece of fruit (apple, orange, or banana) was added to the incentive, and so on 
with further additions of fruit each minute until ten minutes had elapsed, at 
which time the test was terminated and the subject’s maximal pull was recorded 


as the resistance which he had overcome (as judged by a movement of the 


incentive of at least 3 inches It might be noted that the size of the incentive 
became comparatively very great before a trial was recorded as failure. Addi 
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tional 10 pound weights were added, one at a time, until the subject failed to 
move the system in ten minutes. 

In order to provide comparative human data, four members (adult males) 
of the staff of the Yale Laboratories consented to serve as subjects. They were 
tested in the same way as the chimpanzees (except that social incentives were 
substituted for food motivation and the subjects were tested in only one day’s 
session 

Table 1 presents the bodily weight, maximal pulls, and ratio of maximal pulls 
bodily weight for all subjects. From this table, it will be seen that the heaviest 
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chimpanzee (Jack) was considerably (13 pounds) lighter than the lightest human 
subject. Under normal hunger conditions, the male chimpanzees greatly out- 
pulled the females (males’ pulls range from 375 to 487 pounds, females’ from 227 
to 300). Comparison of the pulls after the 24-hour food-deprivation is difficult 
because of the failure of two animals (Bokar and Cuba) to pull. Only three 
animals (Pan, Lita, and Cuba) bettered their pulls with increased hunger. The 
human pulls range from 338 to 525 pounds. One of the human subjects (number 
1) outpulled all the chimpanzees, and all the human subjects outpulled all the 
female chimpanzees 
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Statistical comparison of the records, especially the computing of bodily 
weight-strength correlations, is difficult or impossible because of the small 
number of subjects. It seems reasonable to conclude, however, that there is 
no great absolute strength discrepancy between the human and chimpanzee 
males and that the males of both species are absolutely stronger than the female 
chimpanzees. It seems strongly indicated that the male chimpanzees, pound 
for pound of bodily weight, are relatively stronger than either the human males 
or the chimpanzee females 

All the chimpanzee subjects impressed human observers as exerting maximal 
or near-maximal effort on their maximal pulls. The human subjects testified 
that their pulls were maximal. 


teconciliation of the present data with that presented by Bauman is difficult. 
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Differences in technique hardly seem adequate to account for the great differ- 
ences in results. Examining Bauman’s data critically, we find that his conclu- 
sions are based largely upon a trial of three, or possibly of four, pulls registered 
by two animals. The adult female chimpanzee, Suzette (estimated weight, 
135 pounds), in a rage, registered one pull of 1260 pounds; she also registered, 
deliberately, a pull of 905 pounds. The adult male, Boma (estimated weight 
i65 pounds), registered one-hand pulls of 847 and 640 pounds. ‘The only othe 
animal that Bauman could induce to pull (the adult female chimpanzee, Johanna) 
registered a pull of 378 pounds. Suzette’s phenomenal pull might be attributed 


to the fact that she was enraged when pulling, whereas none of the present 


il 


TABLE 1 
MAXIMAL PULI RATIO OF 
BJF DIL MAXIMAL PULL/BODILY WEIGH 
IGE 
as ‘ 
chimpanzees 
| I 1) {Q7 * { 6 
Jacl 122 150 150 3.7 7 
Fran 108 150 113 1.9 28 
106 375 113 2 5 29 
Female chimpanzee 
10 300 R75 2.9 » 6 
Cul 82 300 ’ 7 
Mi 109 »9 264 2.1 24 
| 103 227 19 2.2 1.9 
Human males 

190 525 2.8 
- 145 487 3 4 

145 450 3.1 
4 135 338 9.5 


* Refused to pull any weight. 


subjects were greatly emotionally disturbed, although usually obviously highly 
motivated; but still, her deliberate pull of 905 pounds, made when not enraged, 
greatly exceeds the highest pull recorded in the present experiment. The 
results of Bauman’s tests of seven college football players are closely comparable 
to the present human tests (Bauman’s range—327 to 460 pounds; present human 
pulls range from 338 to 525 pounds). Inasmuch as Bauman states that the 
same apparatus was used in testing his chimpanzee and human subjects, the 
discrepancies can hardly be attributed either to apparatus differences (unless 
Bauman’s apparatus-calibration changed during the interval between chimpan- 
zee and human tests), nor to the bodily weight superiority of Bauman’s chim- 
panzee subjects. 
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CONCLUSIONS 

1. Chimpanzees were taught to pull in a rope against resistance to procure a 
food incentive. Four male chimpanzees, tested under normal hunger condi- 
tions, registered maximal pulls of 375, 450, 450, and 487 pounds; under the 
same conditions, four female chimpanzees’ pulls were 227, 227, 300, and 300 
pounds. 

2. Prior food-deprivation of 24 hours resulted in two animals’ refusing to pull; 
three bettered their “normal” records; one pulled the same under both condi- 
tions; two pulled less. 

3. Four adult male human subjects, tested under comparable conditions 
(with social incentives), pulled 338, 450, 487, and 525 pounds. 

1. These results seem to indicate: (a) Adult human males and adult chim- 
panzee males are roughly equal in absolute pulling strength, (b chimpanzer 
females are inferior in pulling strength to human and chimpanzee males, and 
(c) pound for pound of bodily weight, chimpanzee males are superior in pulling 


strength to human males and to chimpanzee females. 
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TWO NEW RACES OF THE PUMA 
By E. A. GoLpMAN 


The pumas of the northern part of the Rocky Mountain region have hitherto 
been assigned to Felis concolor hippolestes of Wyoming. Distinctive cranial 
details, however, seem to warrant the recognition of a separate race. In marked 
contrast, toward the southern end of the range of the species, are specimens 
from Descalvados and Corumba, Brazil, and from Puerto Suarez, extreme eastern 
Bolivia, referred by Nelson and Goldman (Jour. Mamm., vol. 10, no. 4, p. 345, 
1929) to Felis concolor osgoodi, and which have also been subjected to revision 
A few additional specimens have been examined, and more familiarity with the 
group has convinced me that the pumas of the lowlands of Matto Grosso, char- 
acterized by very light rufescent coloration and slender skull, can not satis- 
factorily be identified with any of the neighboring geographic or ecologic races 
For two of the specimens from Descalvados, Brazil, one of which is here desig- 
nated as the type of a new subspecies, I am indebted to Alfred M. Bailey, Colo- 
rado Museum of Natural History, who has generously donated them to the 
National Museum collection. My thanks are also due to C. C. Sanborn, Field 
Museum of Natural History, and H. E. Anthony, American Museum of Natural 
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History, for the loan of specimens used for comparison. The new subspecies are 


ribed as follows: 


Felis concolor missoulensis, subsp. nov 
Northern Rocky Mountain Puma 


nen Adult male, skin and skull, no. 262116, U.S. National Museum (Biolog 

Surveys collection); from Sleeman Creek, about 10 miles southwest of Missoula, Mis 

la | nty, Montana; collected December 30, 1936, by Ronald and Carrol Thompson; 
X-cat g number 27706 

Northern Rocky Mountain region from Yellowstone National Park, Wyo 

Jasper Park, Alberta, and the Peace River District, British Columbia; east 

itchewan and northwestern North Dakota 

lis concolor hippolestes 


Intergrades on the west with 


and on the south with F% 
lor rather pale; skull large and massi 


Differs from hippol ste of central 





Rr egonens 
Size large; color ra | , but relatively 
led, with widely spreading zygor , 
western Wyoming in cranial details, especially general shortness, and wider spread of zygo 
} 1 Washington, in paler color as well 


iffers from o egonens of the Cascade Rang 


median dorsal area near ‘‘tawny”’ (Ridg 


over the same parts an admixture of 


Top of head, neck, and narrow 
ghtly darkened by black tippe d hairs 
affect materially the ge neral 
on’’, paling gradually along sides and 


too sparse t tone; tawny of narrow median dor 


giving way rather abruptly to light ‘‘cinnam 
t; upper lips (except blackish spots at 


pinkish buff’’ on fee 
r surface of neck pale buff, or between 


of limbs to near “‘ pit 
sides of limbs, and under parts white, 


chin, and throat, pure white: unde 
’. chest, inner 
th gray’’ under color showing through; middle of face a grayish brown mixture; 

vhite, as usual in the group; ears blackish externally, becoming grayish 


and ‘‘nale pinkish buff’ 


hairs around pads on soles of feet 
mixed with black to 


In a skin 


vered internally with longer white hairs; 


sh; tai! above similar to back, but less distinctly ‘ 
h is black for about two inches, becoming brownish buffy below 


tawny’’, more 


ie = 
fr g es southeast of Hamilton, Montana, the median dorsal area is more vivid and 
near “‘orange-cinnamon’’ in tone 
S Similar in general size to that of hippolestes, but shorter, broader, and somewhat 
flatte vg ita more widely spreading; rostrum and palate distinctly shorter; vestigial 
; diastema behind lower canines 


upper premolars set in a narrower space behind canines 
entition about the same Compared with that of ore gonensis the skull issimilar 
in general size but is shorter, broader, and flatter; zygomata more widely spreading; frontal 
gion less elevated; rostrum and palate usually shorter, but vestigial upper premolars set 
milar extent; diastema in lower jaw shorter; dentition usually lighter. 

en No external measurements available. Skull: Type and an adult female 
’s Nest Pass, Kootenay District, British Columbia, respectively : Greatest length, 
ndylobasal length, 203.5, 175; zygomatic breadth, 164.3; 139; height of cranium, 


291.8: 190: « 
78.7, 76.6; width of nasals 





81.5. 7( ‘ -onstriction, 45.4, 41.6; postorbital processes, 78.7, 
ps of frontals) 18.5, 15.9; width of palate (across interpterygoid fossa), 28.6, 
sls n tooth row, alveolar length (front of canine to back of carnassial), 65.7, 53.9; 
upp nassial. crown length, 27.2, 20.7, crown width, 12.5, 10.7: lower carnassial, crown 

length, 17.7, 15.7; upper canine, alveolar diameter (anteroposterior), 16.8, 11.5 
Ren The range of missoulensis along the Rocky Mountains in Alberta and British 
Columbia, marks the northern limit of the distribution area of the group. On the south, 
Wyoming, missoulensis passes rather abruptly into hippolestes, which differs 
most obviously in the relatively narrower, more elongated skull. Between the Rocky 
intergrades with ore gonensis 


Mountains and the Cascade Range missoulensis 
Total number, 52, all from the northern Rocky Mountain region. 


Specimens examined 
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Felis concolor acrocodia, subsp 


r 
Matto Grosso Puma 


Type specimen Adult male, skull only; no. 273256, U 


Survevs colle ction ‘ formerly No. 9390. Colorado Muss 
calvados, Matto Grosso, Brazil; collected November 25, 


25, 192. 
Distribution 


Brazil, and eastern Bolivia. 


General character: -Size medium; dorsum nearly clear 


, with little or no blackish admixture; skull slender, 


highly arched behind postorbital processes; jugal re 


wall of glenoid fossa. Similar in size to Felis concolor cor 


Brazil, but differs in cranial details, especially the narrown 


~ 


Lowlands of the upper part of the Paraguay 


‘4 


wit! 


OF MAMMALOGY 


IOV 


National Mus 


of Natural Hist 


5 by Frederick \ 


River Valley 


or light 


iwny ~ 
frontal reg 
Sa 


eum 1 
ry; from Des 
V. Miller 

, 1n southwester 


‘cinnamon 


10n narrow. |t 


iching transverse plane of anter 
color, of the 


Paulo regio 


ess of the braincase ar ror 

region and less deeply V shaped nasals Also similar in size to Fel: cor lor ¢ 0 
the mountains of central Bolivia, but ground color of upper parts lighter “‘ tawr nd tl 
median dorsal area lac} ing the overlying black present in the latter race rontal regi 
narrower, more highly arched, and other cranial details different Differs from Fel 
olor borbensis, of the Rio Madeira region in lighter, less ri rufescent col iti I 
cranial characters 

Colo Skin no. 273257, U.S. National Museum, formerly no. 4618, Colorado Muss 
Natural History, from Descalvados, Matto Grosso, Brazi Top of head, neck and med 
dorsal area to base of tail light rusty reddish, near ‘‘ tawny or light ‘‘cinnamon-rufous 
becoming ‘‘cinnamon-buff”’ on sides of neck, shoulders, along flanks and on outer f 
of limbs, paling gradually to near ‘‘ pinkish buff’’ on feet; lips (except blackish spots 
vibrissae), chin, and throat, white; under surface of neck suffused with “pinkish buff 
chest, inner sides of limbs, and inguinal region dull white; belly suffused along sides w 
‘pinkish buff’’, becoming whitish along median line; face in general light buffy, with a lig 
brownish admixture, the whitish supraorbital spots distinct; ears brownish or blackis 
ternally, thinly clothed internally with whitish hairs: hairs around pads on feet light | 
ish; tail above similar to back, but thinly mixed along median line with black, below pinkis 
buff to near tip which is broken off Another paratype no. 28334, Field Museum N 
ral History) is similar, and the complete tail is dark brown, near ‘‘ verona brown’’, for al 
one and one-half inches at tip 

Skull Skull slender; remarkable for narrowness and height of frontal region, and 1 
rowness of braincase Similar in size and general form to that of typical concolor, but fr 
tal region narrower, more highly arched behind postorbital processes; braincase narrow 
nasals less decurved along inner borders and less deeply and broadly V-shaped to for 
median trough anteriorly, more pointed posteriorly; frontal pit at posterior ends of nas 


deeper—unusually deep for a South Americar 


race 


coroné 


auditory bullae larger, more fully inflated; dentition about 


that I 
shorter; dentitix 


but 


bout the same 


of osgoodi, frontal region narrower, more highl) 





About equal in genera! 
to borbens: 


case 
more acutely pointed posteriorly 


Veasurements No body measurements availabl S/ 


female paratype, respectively : Greatest length, 201.5, 172; condylobasal length, 175.5, 156.4 
zygomatic breadth, 135.5, 115.5; height of cranium, 72.8, 60; interorbital constriction, 37.2 
32.4; postorbital processes, 65.9, 57.9: width of nasals anterior tips of frontal! 3.4 
15.1; width of palate (across interpterygoid fossa), 28.5, 26.5; maxillary tooth rov 
length (front of canine to back of carnassial), 57.5, 53.7: upper carnassial crown leng 
22.9, 21.4, width, 11.9, 11.1; lower carnassial, crown length, 17.6, 16.2; upper canin¢ 
diameter (antero-posterior), 14, 10.9 

Remarks In the narrowness of the braincase, acrocod suggests re lationship to 
sis, of the Rio Madeira region, and intergradation across I intervening watersheds seer 


; auditory bullae larger, m 


vid 


the Al 


same 


process of mandible highe 


t} 3] 


out 


arc hed: postorbital processes 


e, and in narr« 


, but frontal region more elevated behind postorbital processes; 1 


inflated; de 
Type and 


ore 


i 


wwness Oi 


sntition sim 


a young 
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probable Toward the west the Matto Grosso animal doubtless passes into osgoodi, and 


ward the east into typical concolor 


Specimens examined.—Total number, 8, all from the Matto Grosso region of southwestern 


Brazil and eastern Bolivia 


I hand W dlife Service, { S. Department of the Inte ior, Wash ngton, nD. t 


{ POPULATION STUDY OF THE BEECHEY GROUND SQUIRREL IN 
CENTRAL CALIFORNIA 


By F. C. Evans anp R. Ho,pEnrIED 


Recent natural history studies have increasingly emphasized the careful quan- 
itative measurement of populations. This logical development from the earlie1 
description of life histories and habits has been made possible by the 
iprovement of census techniques as well as by the progress of bio-mathematical 
ght Our paper deals with a population of a common and economically 


mportant species, the Beechey or California ground squirrel, Citellus beecheyi 
Richardsot This squirrel is the chief rodent pest of California, destroying 
nnually many thousands of dollars worth of crops and serving as a reservoil 

diseases, notably plague and tularemia; in 1941 an estimated $400,000 was 
spent for its control within that state. It is surprising, therefore, that accurate 
knowledge of this species is lacking in many details. Its taxonomy has recently 
een revised by Howell (1938), but the only comprehensive report of its natural 
history is that by Grinnell and Dixon (1918), compiled in part from field experi- 
ence but largely supplemented with information from scattered sources. The 
resent study of the subspecies beecheyi yielded some life-history material, which 


has been included in this paper, but its main emphasis was upon population 


The role of ground squirrels in the epidemiology of sylvatic plague has been 
the subject of comprehensive inquiry in recent years by the George Williams 
Hooper Foundation for Medical Research. In 1940 it established a field station 
for ground squirrel study at the Calaveras Reservoir, Alameda County, Cali- 
fornia (fig. 1 The reservoir, completed in 1925, is the property of the San 
Francisco Water Department and serves that city as an auxiliary source of 
supply; it is situated in the Livermore Hills, about 10 miles south of Sunol. 
The particular area selected for field work adjoined the north and northeast 
margins of the reservoir on the Alameda-Santa Clara county line. Field work 
included the trapping, marking, and releasing of ground squirrels for future 
captures and observations of habits and behavior. A preliminary report on the 
results of the 1940 season has already been published (Evans and Holdenried, 
1941 


In the entire study 1,154 squirrels were caught, of which 949 were marked 


and released for further observation (Table 1 In 1940 the station was used 
from April 11 to December 13, with trapping on 157 days and a total of 10,326 
trap-days (1 trap set for 1 day | trap-day In this period 542 squirrels were 


caught; 433 were marked and released and 109 were removed for laboratory 
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experiments. In 1941, work extended from April 14 to November 20, with 
trapping on 96 days and a total of 6,085 trap-days. In this season 545 squirrels 
were caught; 132 were recoveries from 1940, 329 others were marked and released 
and the remaining 84 were removed. In 1942, less extensive operations ran 
from March 31 to July 31, with trapping on 58 days and a total of 3,011 trap- 
days. The 1942 records include 286 squirrels: 29 recoveries from 1940, 58 from 
1941, 187 newly marked and released, and 12 removed. 
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Fig. 1. Maps showing locations of Calaveras Reservoir and of principal trapping 


ireas 


This study was carried out under the auspices of the Hooper Foundation, 
with the advice and guidance of the Director, K. F. Meyer; it was supported by 
grants from the Rosenberg and Columbia Foundations. The San Francisco 
Water Department gave us permission to work on its property and made avail- 
able to us the weather records from Calaveras Dam. W. C. Jacobsen, Chief of 
the Bureau of Rodent and Weed Control, California Department of Agriculture, 
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and G. B. Laing and L. R. Cody, Agricultural Commissioners of Alameda and 
Santa Clara counties, respectively, gave valuable assistance and ccoperation. 
E. T. Ross, Chief of the Bureau of Sanitary Inspections, California Department 
of Public Health, assisted with the plague survey made in 1942. Much of the 





Panorama of dam and environs at Calaveras Reservoir 





trapping areas at Calaveras Reservoir. Upper left, Area A; upper right, Area B; 
left, Area C; lower right, Area D 
mtinuity of the field work was made possible with the help of A. L. Burroughs, 
L. H. Fisher, A. S. Loukashkin, R. Rudd, K. E. Stager, and W. M. Thorning. 
Miss I. Crum of the University of California Herbarium identified the species 


f plants collected. Opportunity for the senior author to complete the prepara- 
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rHE ENVIRON) 

(Geographically and geologically this are 7) of the Mt. Diablo Range 
Che reservoir covers 1,450 acres and has filled most of the level portior } 
Calaveras Vall its surface is about 740 feet DOVe st level Bt 
ithen dam at the northern end, Calaveras Creek flo s through i clee 
o Alameda Creek The hills seldom rise more than 2,000 feet above s« 
but then slopes art steep, often 20 percent Che southern and wester 
ire covered mainly by fairly dense growth of herbs and grasses that « ! 
urn brown In summ«e On the northern and eastern slopes, howeve 
some deeper ravines with southern exposures, tre¢ na | sh form he 
these frequently end abruptly where the herbaceous growth begins (P 

The are idjoining the reservoir is in the Upper Sonoran life-zone (7H 
Crrinnetl LO19: Crrinnell 1935 but Sone lransition zone Speci 
uel the big-leaf mapl Lee macropl eve onl () ( 
nd western gray squirre Se ri Lower Son 
ei like the vello billed magpi Pice a 

Che climate is somewhat arid, but conditior influenced by the 

eathe pre uling on the coast Occasional emp itures exeeed 100°] 
summer and drop below 32°F. in winte Rain is largely limited to D 
1 Januat Februar ind March ith mireque nowel is earl ms 
her and as late as M;: In 1940 and 194] the res 
30.32 and 25.09 inche respectivel 

The commonest tre the valley oak (Q rhe co 
() agrifolia) and blue oa () iD as occur yg es and : 
individuals Cth loc: tree ure villow Sa . hbig-lea map | 
macrophy n California laurel ((' mbellula fornice ind bucke | 

californicu The brush species include Californ sagebrusl | 

Mifornice ecovote brush (Baccha Dp a OLS onl I} 
and blue elderberrn SMD Ue giauca Cotte ) Rham ce f 
and tovon (Photinia arbu folia help to form lo« thickets 

(;round squirrels were rarely if ever seen ( ot he tree an S 
growth, or on ungrazed lands where dense stands of suc Vrasses | 
reached a height of “it eral feet The ( iret estricted to open gra ri 
supporting relatively short herbaceous growt \lost of these last were | 
grazed by cattle and mule de Odocoileus hen which kept the plant 
closely cropped in spite of conditions favorable t ink growtl The g 
areas bore large variety of plants; many of these gre only during t! ( 
winter and spring and died down after seed production at the beginning « 
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mer, but a few such, as Hemizonia, remained green throughout the dry season. 


The principal herbaceous species are listed here: those eaten by squirrels (found 
in cheek pouches or feces, or actually observed) are marked with one asterisk 


ind those eaten most commonly, with two. 


t) 
I er 7 ” mee r evhal n 
' : vegil * , 
f i nolli Erod 8] 
**Bromu gid Lot il nna 
ae ica mega I * Ere ocarpus seligeru 
fur le foner l ) 
H leur ? ? *Anaaal é 
*A4 ? ba ut Dodecatheon hendersor 
* -_ +} 4 
C/ roga ” ome ar i” rhe iqiasiant 
{ m serratun Gilia peduncula 
*Brodiaea laza **Plag obothrys canescer 
Brodiaea capitata Plagiobothrys nothofulvi 
*Glinus lotoide 7 chostema lanceolatun 
#9 sall Ori “7 ] 
ne galli Irthocarp ] 
*Ranuncul cal ? Orthocar? eriant} 
*} hschol calif , Plantago erect 


iF licago api la 


**M l na sae chryusoste " 
fol m amplecter *Sily mma nIUT 
i oO i? 4 dentatur ic} lle lefol 
'rifol ciliolk **Contaure eliter 
I graciler ” * on} , lof } 
/ 7 albo1 D , 
Other items of squirrel food included the fruits of live oak, buckeye, coffee 
berry and elder, obtained principally from the margins of the grazed areas. as 
se as grasshoppers Velanoplu devastator), which abounded in the open 


throughout the summer and fall. During this study, food was always availabl 


Lhe seattered occurrence ol squirrel habitat and our limited pers¢ nnel made 


necessary to restrict trapping operations to four small areas totalling 77.6 
ucres in extent, all at the northern end of the reservoir (Plate 2 


Area A (obse ition are On the steep hills just east of t res: 
bounded by trees and brush on the north, west and south, oper ist; 
most thoroughly studied of all areas; excellent for close obse no 





squirrels removed at any time during the study 
T } 


Area B. Dam and immediate environs; about 19.8 acres; bounded by trees and 


brush on north and east, by reservoir on south, and by per grassland on west; more 
squirrels trapped here than in any other area; supplied most of those used for 


sboratory experiments 


Area ( Along upper levels of hills east of the dam, approximately 1500 feet above 
sea-level; about 7 acres; trees and brush scattered on east and west, open grassland 








least well-defined of all areas trapping discontinued after 1940 


horse pasture along the reservoir shore one-half mile south 
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of the dam; about 16.9 acres; trees and brush on north-east, open grassland on south, 
reservoir on west; of all areas the least densely populated by squirrels and the least 


thoroughly trapped; provided several records of unusual movement; a few squirrels 


removed in 1940 and 1941; trapping discontinued after 1941 
METHODS 
Tra; Live traps manufactured by Young’s Animal Trap Company of 
Sunnyvale, California, were used throughout the study. These were of two 
sizes, 4 x 4 x 16 inches and 5 x 5 x 20 inches, made of heavy wire screen of 
inch mesh. A central treadle stands just above the floor, and there are tw 
end gates that are raised when the trap is set. An entering animal depresses 


the treadle, thereby releasing the gates, to close both ends of the trap. Whole 
oat groats proved to be one of the best baits, although sunflower seeds wer 


»in winter and early spring. 


lraps were generally placed where likely to ec: 


tech squirrels. In some cases 
they were scattered irregularly and in others were placed on a definite line but 

arying intervals. The grid system of trapping was not employed, as it did 
not seem to lend itself readily to either the type of habitat or the activities of 
the squirre] During hot weather shelters were constructed over the traps to 
protect the animals from direct sunlight; on several occasions exposure of less 
han two hours proved fatal. Trapping was carried on in Area A for about on¢ 
week each month in which the field station was operated, in other areas less 
regul irlv but at least once in every SLX weeks: operations occasionally extended 
over an entire month. Trapping was usually continued in an area until 
captures in one day were those of individuals taken at least once previously in 
that tr pping period 

The 433 squirrels marked in 1940 were captured a total of 2,612 times in that 
year, an average of 6 captures per squirrel. The 461 squirrels studied in 1941 
were taken 2,016 times, an average of 4.4 captures per squirrel. One female 
was taken 144 times over a 24 month period. 

Handling.—A small bag, about 8 x 14 inches, of heavy fish netting (1-inch 
mesh measured at stretch) proved satisfactory for holding squirrels when they 
were being weighed or otherwise handled, although they would gnaw their wa; 
out if left for a short time. 

To obtain a count of the ectoparasite fauna, a squirrel was placed in a large- 
mouthed, two-quart glass “‘Mason” jar. This was quickly capped and chloro- 
form was introduced by an atomiser through a small hole in the cap to anesthetize 
both host and parasites; the latter then were readily combed from the squirrel 
into a large pan. Care in administering the proper dose was necessary, but 
some squirrels were anesthetized many times at weekly intervals without appar- 
ent adverse effects. 

Weight records were taken for all squirrels caught, by use of a small spring 
scale, graduated in 25-gram intervals. Each animal was weighed at least once 
in every trapping period it was taken. 

Marking.—Toe-clipping was the most reliable method used and gave perma- 
nent results in all cases. The distal joint was cut off with sharp surgical scissors, 
not more than one toe on each foot being removed. Infection incurred in a few 
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cases, but these recovered and no deaths were known from the operation. This 
familiar system is widely used and has already been described elsewhere (Ash- 
brook, 1936; Holdenried, 1940). 

To test the efficiency of ear tagging, 95 ‘‘Salasco’”’ aluminum fingerling fish 
tags were clipped into the right ear on male squirrels and the left ear on females, 
vith results as follows: 


Total tagged 95 
Not caught again 18 
Records inadequate 32 
lags definitely lost 26 
Tags retained at last capture 19 

90 days 6 

180 days 7 

270 days l 

360 days 4 

450 days ] 


Within a week of tagging, scabs began to form around the places of insertion’ 
That part of the pinna holding the tag frequently became infected and gradually 
sloughed away until the tag was lost. The average life of fingerling tags when 
rebent and used on fox squirrels (Sciurus niger rufiventer) was between one and 
two years (Baumgartner, 1940), but our experience does not recommend them 
for the permanent marking of ground squirrels. 

Marks left by clipping the hair of restricted parts of the tail were visible at 
several hundred feet, as the squirrels usually held their tails off the ground and 
frequently raised them more or less perpendicularly. Such marks lasted until 
the hair was shed, which occurred once a year in the adults but several times in 
the first summer of life of the young. The method was quite helpful for tem- 
porary observation. 

Other attempts at marking involved the use of dyes, supplied by the Nyanza 
Color and Chemical Company, including an aniline red and four fur dyes: black 

Nyanzol D), brown (Nyanzol P), yellow brown (Nyanzol 2G) and reddish 
brown (Nyanzol4R). The dyes were dissolved in boiling distilled water, cooled, 
and carried afield in half-pint jars; they were applied cold, and the fur dyes were 
fixed with hydrogen peroxide. Only restricted parts of a squirrel’s body were 
dyed, such as the head, rump or tip of the tail. This method did not seem to 
have any adverse effect on the animals, and the individuals so marked did 
not appear to draw the attention of other squirrels. Results varied considerably 
as follows: 


srown: Of 5 squirrels dyed, 3 were recaptured; the dye was lost within 30 days 

Yellow brown: Of 7 squirrels dyed, 6 were recaptured; the dye was lost within 30 days. 

Aniline red: Of 13 squirrels dyed, 10 were recaptured; in 7 cases the dye was lost within 
30 days; 3 retained the dye for 30 days but lost it within 60 days. 

Reddish brown: Of 17 squirrels dyed, 15 were recaptured; in 11 cases the dye was lost 
within 30 days; 2 retained the dye for 240 days, and 2 others for 330 days 

Black: Of 65 squirrels dyed, 50 were recaptured; in 15 cases the dye was lost within 
30 days; 20 retained the dye for 60 days, 6 for 240 days, and 1 for 330 days. 
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3rown and yellow brown often failed to dye properly and also did not produce 

sufficient contrast with the natural color of the squirrels for them to be recog- 
nized at any distance. Aniline red was the most brilliant and could be seen 
from greater distances than any of the others, but faded quickly and usually 
was not visible after a few days of exposure to the sun. Reddish brown was a 
more durable color once the hair was actually dyed, but it proved difficult to fix. 
The most consistent and durable of all was black. The use of dyes to mark 
squirrels is apparently of limited value, but helpful when a few individuals are 
to be watched intensively. 


SEASONAL CYCLE 

The Beechey ground squirrel is primarily terrestrial, diurnal, and frequently 
gregarious in habit. It digs extensive burrow systems that serve for shelter 
in various ways, and for places in which to rear young. It has a regular seasonal 
cycle of activity, as outlined below. 

Breeding season.—This is generally short and fairly well-defined; in the San 
Francisco Bay region it begins in February and is practically concluded by the 
middle of April (Grinnell and Dixon, 1918). At Calaveras Reservoir it was 
about ended when field work began (April 11, 1940; April 14, 1941). In the 
week of April 16 to 23, 1941, 29 females were taken, 6 pregnant (as judged by 
palpation) and 23 lactating. The last pregnant female was captured on 
April 23. Two late litters in 1941 suggested that some breeding occurred in 
May of that year. In southern California pregnant females have been taken 
in every month of the year (Storer, 1930). 

In adult males at Calaveras Reservoir, reduction in size of testes was first 
noted in May, and by June the gonads had receded into the abdomen. In mid- 
October some adult males again showed testicular enlargement, and by the end 
of November the testes had descended in almost every male, adult or young 
The testes remained large throughout the winter and spring. 

With testicular recrudescence in the fall, the squirrels began to show more 
interest in each other and chases were more numerous. About this time a par- 
ticular type of behavior was first seen (earliest observation—December 11, 1940 
Squirrel A would chase squirrel B and face it when close; A would then place 
its head beside that of B, striking the latter on the neck or shoulders with the 
outer fore foot. This was repeated several times with their heads shifted from 
side to side. On the few occasions when the sexes could be distinguished, A 
proved to be a male and B a female. 

Gestation.—An adult female taken on March 31, 1942, gave birth to young in 
the laboratory on April 20. The duration of gestation is not definitely known, 
but it has been estimated as about 30 days (Grinnell and Dixon, 1918). An 
estimate of 25 to 30 days has been made for Citellus beecheyi douglasii (Edge, 
1931). In C. columbianus it is 24 to 25 days (Shaw, 1925) and in C. tridecem- 
lineatus 27 to 28 days (Wade, 1927). 

Birth and emergence of young.—Evidence cited above indicates that at Cal- 
averas Reservoir most of the young were born by the middle of April. The 
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first young left their burrows on May 20, 1940, and May 26, 1941; nearly all 
had emerged by the middle of June. Edge (1931) found that the young of 
C. b. douglasii did not open their eyes until the fifth week or leave the burrow 
until the eighth week. 

Lactation.—Our notes indicate a lactation period of 6 to 8 weeks. One adult 
female caught on April 16, 1941, had at least 6 embryos; on April 19 she was no 
longer pregnant but lactating; she continued to lactate until early June, but by 


June 24 her mammary glands and teats were far decreased, indicating that lacta- 
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1940 1941 
h in weight of ground squirrels at Calaveras Reservoir. Numbers indi 
ber of individuals on which each monthly average is based 
tion had ceased. Most of the adult females seemed to continue lactation after 
t oung were out of the burrows; one allowed two young that had been out 
for abou eek to nuzzle her teats and apparently nurse for a few seconds before 
he pushe hem away. The young sometimes remained with their mother 
for at least two months after they first appeared above ground and for some 
time after lactation had stopped 
(rrowth.—These squirrels grew rapidly and reached a mature size by November 


when they were 7 to 8 months old. The average weights of young and adults 


monthly intervals are shown in Figure 2. The lightest weight recorded for 


young just out of the burrow was 75 grams; the average was 100 grams. Within 
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one month the average rose to 200 grams, at which time (June) a more rapid 
weight increase became evident in the males; the young were then about tw« 
months old. This weight difference increased with age, and adult males aver- 
aged about 100 grams more than adult females. Mature squirrels generall) 


weighed from 500 to 800 grams each. Weight increase continued 


throughout 
the winter and even following breeding; maximum weight did not coincide with 
attainment of sexual maturity. Adult squirrels were readily distinguished by 
weight from young of the season until the end of August, but after that the 
weight ranges overlapped and made age determination by this criterion difficul 

Volting.—Molting in young squirrels began within two weeks of emergenc: 
from the burrows, at which time their pelage was light-colored and quite sparse. 
The first dark coat was usually completed by July, before they had attained a 
weight of 300 grams. They continued to acquire new hair during the summer! 
Adult squirrels shed some hair throughout the year, but a definite molt was 
generally evident in May. At this time hair came out abundantly when the 
squirrels were handled, and bare patches of skin appeared through the pelage, 
particularly of females. The males seemed to have a rougher and more ragg¢ 
coat and began to molt earlier. By the end of June almost every adult 
had acquired new pelage. Females did not grow new hair until lactation had 
stopped, and their molting seemed to be more protracted; a few did not com- 
plete their new coat until August. 


A general pattern was observed in the sequence of hair growth. New hai 
was usually first noticed on the crown, and then progressively along the back t 
the rump and tail; the shoulders and sides were next to acquire fresh hair, and 
the thighs were last. Ventral development was similar to dorsal; new hair on 





the tail grew in rapidly, to full length in four or five days. 
Estivation-hibernation.—There were indications that at the Calaveras Rese 


voir some of the squirrels passed through a period of inactivity. A number of 
individuals marked and released in 1940 apparently disappeared in that seasot 


but were recovered in the same locality after trapping had been resumed i 


April 1941, as indicated below: 


MONTH OF LA AI YOU. 
APTURE IN 194 m , : 

May ‘ U i = — 
June 0 2 : - 
July l 3 - - 
August | 3 2 ] 
September 3 j 0 2 
October ‘ i 0 5 
November I l $ 2 
December { l 10 12 
Retaken in April 1941 or later 10 l€ 16 25 


Trapping operations indicated that adult females showed the greatest tendency 
to disappear and were the first to do so; of the 16 adult females for which there 
are records, 6 had disappeared before August and 13 had apparently becom: 
inactive by the end of September. Adult males displayed a similar inclination, 
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less markedly; 5 of 10 adult males with adequate records were not seen 


ug 
er St ber until their subsequent recapture in the spring. The activity 
ng squirrels was in sharp contrast to that of adults; of 41 young, only 5 
ere not caught after September and at least 22 were still active in December. 
Thes tions appear to substantiate the statement of Grinnell and Dixon 
1918 there is a period of hibernation or estivation, or the two combined, 
ng least, of the adult ground squirrels of this species. 
REGULATION OF NUMBERS 
rl sonal cycle with a short breeding season may be advantageous by 
ng the period of greatest vulnerability, 7.e. when the young are being 
time of year otherwise favorable for growth, thereby tending to 
e effects of disease and predation. In addition to the seasonal 
other factors help to regulate the increase or decrease of population 
A fi of these are discussed in this section 
R ypulation.—There was no evidence of females giving birth in the 
« in which they were born, but almost every female had young the 
' \dults that survived into a second breeding season also gave 
single breeding season there was no clearly defined non-breeding 
obtains in species that do not mature in one vear. However, 
. aul ‘e observed that showed no evidence of pregnancy or 
ime ¢ ng the seasor 
: 1, per female p aaaiatl It was evident at the Calaveras 
he maj not all, of the adult females had but one litter 
late groups of voung in 1941, which were not observed until July, 
eed tn | litters. } in these cases the first litters were prob 
Grinnell and Dixon (1918) suggested that if two litters are 
( ile in one season the second litter probably replaces loss of the first 
\ bruos pe female No data on this point were available from our 
\ , ge of 7.2 embrvos per female was re ported from collections of 
000 squirrels examined each week from January 1 to June 4, 1910 
Tet 9 An average of 8.2 embryos per female was obtained from 4,233 
preg! les taken in the vicinity of Los Angeles in 1925-26 (U. 8. Publ 
Health Se 1926 In the spring of 1923, 86 pregnant females from Tulare 
Cou eraged 9.9 embryos per individual (Jacobsen, 1923 All of these 
eports indicated wide ranges in the number of embryos per female (4 to 15 
nd considerable variation from month to month 
P mortality and number of young born Cases of probable fetal atrophy 
have n reported by Edge (1931) in C. b. douglasii. Little is known of pre- 
natal 1 lity in wild animals, but it is probably a factor of considerable impor- 
tances ly study of wild rabbits, Brambell (1942) found that from 45 to 58 
perce! ill fertilized ova were lost before birth of the litter occurred. 
Instances of 5 young born have been cited by Edge (1931) for C. b. douglasii 
ind by Gander (1930) for C. b. beecheyi. It is likely that the number of young 
born is e tly less than the number of implanted ova. 
Vi ’ burrows and numbe ‘of young at emergence. While still in the nest, 
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tl young are especially subject to predation by snakes and other fossorial or 
digging animals At the Calaveras Reservoir adult females were twice seen 
transferring their young to a fresh burrow; in one instance a rattlesnake that 

ed upon dissection to have fed o1 young squirrel was found at the en- 


Fight li 
contained 
total num 
— 

1D 

te lit 
T j | 


ter counts were made within a day or two of first emergence. One 
9 young, 3 had 7, 3 had 6, and 1 had 2: the average was 6.25. The 
bers of marked squirrels (Table 1) indicated lower averages for the 

as a whole (4.21 young per litter in 1940 and 3.00 in 1941) but 
after emergence was probably responsible in part for the lower figures. 


No evidence of disease was observed in 1940 and 1941, but on eight 


sions between June 11 and 26, 1942, fleas collected from ground squirrels 
i be infected with plaguc Past ella pe tts). and organs from several 
I likewise positiv The presence of this disease in the Calaveras 
R irea had been demonstrated in November 1933, when a rodent survey 
he California Department of Public Health yielded a plague-infected squirrel. 
ties of plague among ground squirrels of this species are well-known and 
ently recur in the same areas after intervals of several years (Evans, Wheeler 
Douglas, 1943 Although plague apparently did not occur in epizootic 
oportions at the Calaveras Reservoir in the period of this study, it is evidently 
= liiched thers il +} o ind s irrel onulati 
Predation..—_Squirrel predators were abundant in the Calaveras Reservoir 
( Of 14 Pacific rattlesnakes (Crotalu iridis) whose stomach contents were 
( ined, 4 had eaten young ground squirrels. Red-tailed hawks (Buteo 
were frequently seen diving at squirrels and there were two records 
cate} CyTa' ToOxes ocyo? cCiM« eoargente is and bobeats Lam r 
f ere both observed stalking squirrels, and several burrows were noticed 
I signs of exe tion by badge1 Taxidea taxus Othe species that 
WI prey on ground squirrels and that were seen in the area include 
gopher snake (Pituophis catanife golden eagle {quila chrysaectos) mars} 
( hudsor Cooper | k (Accipiter cooperi), prairie falcon (Fale 
hort ( J raccoon (P t weasel 
V f ite und covote (Ca lat 
P The scattering of poisoned grain should also be mentioned as an 
nt cause of ground squirrel destruction. Poisoning operations had been 
ed out annually in the Calaveras Reservoir area since the 1933 plague survey 
re discontinued for the duration of the present stud) 
POPULATION STATISTICS 
ly ing operations were sufficiently Irequent and on a scale large enough 
ide a rough census of the squirrel population. As a census technique, 
er, trapping is subject to many errors. The presence of baited traps in an 
re produce unusual movements or local disturbances; one sex or age 
group 1 be more easily trapped than another. In the present study, the 
mount of trapping varied from year to year and in the different Areas was 
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correlated neither with the size of the area nor with the density of squirrels. 
The following figures based on trapping do not claim to represent the precise 
state of the squirrel population, but they can be accepted as satisfactory indica- 
tions of trends. 

Density.——The total area trapped in 1940 was estimated at 77.6 acres and the 
total number of squirrels taken was 542. This indicates an average density of 
tion in density (squirrels per acre), as indicated in Table 2. Comparable data 
for 1941 and 1942 are not available for all areas, but Areas A and B were trapped 
to approximately the same extent for the three successive years, with density 


7 squirrels per acre. However, the different trapping areas showed great varia- 


figures as in Table 3. Despite removals of squirrels from Area B in 1940 and 
1941, both Areas showed a marked increase in density in 1941 and a definite 


TABLE 2.—Density of ground squirrel population in trapping areas in 1940 


ESTIMATED ACREAG N AUGH DENSIT 

Area A 8.2 138 16.8 
Area B 19.8 250 12.{ 
Area C 32.7 105 a. 
Area D 16.9 44) 2.9 
Total 77.6 542 7.0 


TABLE 3 Density of ground squirrel population in Areas A and B, 1940-194 


194 042 
Numbe Densit Numt D t Num ) 
Area A 138 16.8 190 23.1 125 15.2 
Area B 250 12.6 323 16.3 161 8.] 
Tot 388 13.9 51 15.3 286 10.1 
decrease in 1942. These changes appeared to be representative of the Calaveras 
Reservoir area as a whole. A real decline in numbers was largely responsible 


for the decrease in 1942, but a short trapping season in that year may also have 
had some effect on the figures. 
Sex Ratios—The 762 squirrels marked in 1940 and 1941 included 374 males 


and 388 females, a sex ratio of 96.4 males per 100 females. Analysis by age 
squirrels, as shown in Table 4. 

Combined figures for 1940 and 1941 gave a ratio of 109.7 males per 100 females 
among the young, and only 67.6 males per 100 females among the adults. The 
relatively fewer number of males in the adult population suggests a greater 
survival of females. The development of this trend is shown in more detail in 
the analysis of young squirrels marked in Areas A and B, presented in Table 5. 
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The decrease of males is quite evident in the figures for 1941. In June, when 


the young squirrels were firs caught, there were nearly as many males as females, 
but the ratio had fallen considerably by September, and in the following April, 
when they were adults, there were only half 


I 


; s many males as females. In 
April 1940, the adult population of Area A consisted of 11 males and 25 females; 
in April 1941, of 18 males and 36 females; in April 1942, of 16 males and 28 


les. Differences in behavior, as discussed in a later section, may help to 


niain this pparent aiff: enc in © , , ] 
(ge Ratios.—Adult squirrels were distinguished with considerable success 
ung of the year, but more precise determination of age was possible onl} 
ILE 4 S / Vs 1941 
ADUIL 
41 Tota 
0) 2 f { pi 164 9900 
1 ) 957 5 09.7 72 ¢ 64.0 67.6 
5.—( nA 4 and B 
APRII 
XT YEAR 
7 5 4a) 
10 7 59 51 
’ ‘ ie 70.¢ 
, ms 1 
I g § FS 8 BES 47 1 
10410 £ 4299 ee Saal 
( rt l i $ if 44U PDOPUILATILOI I 455 Sguirrels marked 
Areas was composed of 307 voung and 126 adults, an age ratio of 244 
ng per 100 adults. The 1941 population, including recoveries from 1940 
those marked in 1941, comprised 297 young and 164 adults, an age 
ratio « 181 voung per 100 adults The age ratio at different seasons of the 
idi ing } i l 


as examined to determine the relative survival of the two age groups 
Seasonal changes in age rati young per 100 adults) are shown in the data of 
juirrels marked in Areas A and B, presented in Table 6. There was apparently 
some change of age ratio in the period from June 1940 to April 1941, and from 


June 1941 to April 1942 the number of young per 100 adults dropped from 254 


to 143 This decrease of young squirrels suggests the operation of a selective 
‘ly 1942. Among several possible causes, plague 


mortality factor in 1941 or ea 
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may have contributed to this decimation, since it was demonstrated in the area 
in 1942 and since young squirrels are known to be more susceptible to this dis- 
ease than are adults. 

Longevity.—The life-time of a squirrel, if it dies of old age, has been estimated 
as five years (Grinnell and Dixon, 1918). At the Calaveras Reservoir two males 
born in 1939 (or earlier) were marked in 1940 and last recaptured in the summer 
of 1942; their age at last capture was, therefore, three years or more. There 
were also 36 squirrels born in 1940 that were recovered in 1942, at an age 
of two years. 

Of the 292 squirrels marked in Areas A and B in 1940, 123 were recaptured 
in 1941 and 29 in 1942, a survival of 42 and 10 percent respectively. Of the 
324 marked in 1941, 58 (18 percent) were recovered in 1942. These figures are 
too incomplete for statistical treatment, but it seems improbable that the life 
expectancy of these squirrels was more than two years. 


TABLE 6.—Changes in age ratios of squirrels marked in Areas A and B 








JUNE SEPTEMBER DECEMBER APRIL (08 
NEXT YEAR 
Marked in 1940 
Young 214 145 113 87 
Adults 72 47 43 36 
Young per 100 adults 297 309 263 242 
Marked in 1941 
Young 292 135 81 50 
Adults 115 50 41 35 
Young per 100 adults 254 270 198 143 


Population fluctuation.—Area A was sufficiently well trapped to indicate 
progressive changes in the numbers of squirrels and the main characteristics of 
the population curve; the data are presented in Table 7 and graphically in 
Figure 3. The young squirrels are represented as appearing in the population 
in June, the month in which the majority of them came to the surface and were 
first. caught. 

Eleven adult males and 25 adult females were known to be alive in the Area 
in April 1940; this group of 36 was the remnant population from the previous 
year. They gradually disappeared or died, so that by the following April 
there were only 5 males and 8 females of this group; none was known to survive 
after November 1941. In June 1940, 46 young males and 56 young females 
were added to the marked population. These likewise declined in numbers; 
13 males and 28 females survived until the following April, and 4 males and 12 
females were still alive in April 1942. The 1941 season produced 69 males and 
66 females; this group apparently suffered heavy losses, for only 12 males and 
16 females were known to be alive in April 1942. 
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It is clear that there was a sharp upswing in the ground squirrel population 
curve every spring, due to the birth of the young within a short season; this was 


followed by a compensatory annual decline. 


TABI 7 Su al of ground squirrels marke 
ADULTS OF 194 Y 

Apr 1] 25 
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sonal fluctuations. 


The number of adult individuals alive in the 


an index of annual increase or decrease of the squirrel population. 


protracted breeding season and several litters 


This type of population curve 
differs markedly from that of a species such as Peromyscus maniculatus, with a 
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F 1941 


16 
16 
13 


A from April 1940 to July 1942 
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year, where births throughout 
the season tend to offset the effects of mortality and thus help to stabilize sea- 


breeding season can be used as 


In Area A, 
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dat The remaining 427 squirrels furnished the following information, based 
on the greatest distance between points of capture: 

: {UM MOVES MBER 

R UIRRE 

150 293 

150-301 53 

300-600 54 

600-1201 2 

1200 ¢ 6 
} 70 percent of this group were. never trapped outside areas of 150 yards 
greatest length. A small range was further suggested by the local distribu- 
n of burrows; many apparently suitable localities within the grassland habitat 
ere unoccupied although adjacent to inhabited areas. Grinnell and Dixon 
1918) wrote that as a result of this “‘tendency to occupy certain definite tracts 
thin a general territory to the exclusion of intervening places, and this without 
ous reason as regards food supply and kind of soil centers of population 
ay arise through the historical circumstance of original settlement by first- 
omers.’ At the Calaveras Reservoir, previously existing burrow systems 


seemed to play a part in the current distribution of squirrels: old, discarded 
ows were frequently dug out again and occupied, but no completely new 


vs were observed. The squirrels tended to group in ‘colonies’? where 
systems wert available These comprised from 5 or 6 to as many as 

5 or 50 adult squirrels 
H ana Some species of animals lead a nomadic existence; others confine 
their activities to a relatively small area, frequently referred to as the home 


ang In some in 


stances this home range is maintained permanently in one 


however, in many cases it is transferred to new areas, sometimes with 


considerable regularity, as in migratio1 These changes render the measure 


ent of home ranges difficult In the case of the ground squirrels studied at 
ilaveras Reservoir, occupation of an area for a period of at least one month 
as considered necessarv to fulfill the 


ily i 


requirements of a definition of home 


rang The term as it is applied here refers to the territory covered above 
ground and does not include the underground burrow systems, sometimes 
50 feet and more in extent, which were inaccessible for stud) 

th 


ir observations indicated that there were usually several burrow entrances 


thin the range of a single squirrel; some of these led to the same bur 


tel As far as could be determined, individuals normally inhabited but one 


row Svs 


system at a time, frequently using one particular entrance; some systems ev1 


det housed several squirrels 
he most satisfactory estimates of home range were obtained in Are A, for 
irrels were removed from it at any time; trapping operations were mor‘ 
thoroucl 


igh and complete than in any other Area, and in 1940 one day per week 


as devoted to observation from a blind The tr 


; ap sites in Area A are indicated 
in Figure } In 1940 this Area (8.2 acres) was ¢ yvered by 16, traps Nos 1—46 
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squirrels not 
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Yg. Male No. 22. 1940: June 11-Sept. 4 (12 times—traps 5, 3, 2, 4, 21,6). Range 
0.66 acre; 100 yds. in greatest length. Taken July 29 at trap 41 and Aug. 13 in Area B. 
Sept. 7-Nov. 13 (22 times—Area B); distance moved—700 yds. 1941: Apr. 17-Oct. 29 
(27 times—Area B). 1942: Apr. 2 (Area B). 

Yg. Female No. 32. 1940: June 29-Aug. 5 (8 times—traps 29,18). Aug. 12-Oct. 25 
(10 times—Area B), distance moved—300 yds. 1941: Apr. 18-June 21 (8 times—Area 
3). 1942: June 17 (Area B). 


(5) Larger immature ranges followed by smaller adult ones.—(Young—5 males, 
3 females). This group consisted of individuals that maintained ranges up to 
300 yards as young squirrels, but which eventually settled down to smallet 
ranges that they occupied as adults. Five other young (4 males, 1 female) with 
similar large ranges but no adult records are presumably referable to this 
category. 


Yg. Male No. 5. Immature range—3.24 acres; 360 yds. in greatest lengtl Adult 
range—0.24 acre; 40 yds. in greatest length. 1940: June 2-Sept. 5 (19 times—traps 12, 
30, 38, 39, 46, 41, 37, 45A, 45, 28, 2) Sept. 20-Nov. 16 (12 times—traps 45A, 46, 45 


1941: Apr. 18-Sept. 27 (13 times—traps 46, 45A, 45). 1942: June 4-July 18 (4 times 
traps 46, 39, 45) 

Yg. Male No. 23. Immature range—1.32 acres; 225 yds. in greatest length. Adult 
range—0.54 acre; 75 yds. in greatest length. 1940: June 11-Dec. 11 (21 times—traps 
23, 14, 15, 37, 25, 16). 1941: Apr. 16-Sept. 28 (11 times—traps 23, 22, 25, 16, 26A, 18 
1942: May 24-Aug. 27 (5 times—traps 25, 26A, 1). 


The most striking examples of limited range were observed among the adult 
males, of which 21 (including some young with subsequent adult records) were 
caught in Area A from April 17, 1940 to June 29, 1941. None was taken o1 
observed more than 150 yards from the point at which it was marked, excepting 
No. 5, which shifted its range, and No. 9, which moved to Area B and estab- 
lished itself there. The ranges of these squirrels are indicated in Figure 5, 
grouped in periods of approximately three months each and based on the trap 
positions at which animals were taken; outlines of range are given only for indi 
viduals caught five or more times in any period. The average range was 0.36 
(0.06-0.74) acre in extent and 75 (15-135) yards in greatest length. Adult 
males evidently were restricted closely to small ranges, which seldom overlapped; 
in the few cases where there was partial coincidence of range, the invading squir- 
rel was generally taken only once or twice within the range of the established 
individual. 

The ranges of 51 adult females caught in Area A are similarly shown in Fig 
ure 6. These appeared to be somewhat larger than those of adult males, ave. 
aging 0.59 (0.12—1.62) acre in extent and 95 (25-225) yards in greatest length 
Like the males, most of the adult females apparently remained within then 
normal ranges, although there were several (such as Nos. 4 and 21) that visited 
Area B and others (such as Nos. 1 and 16) that shifted their range from time to 
time. In contrast to the males, however, adult females frequently overlapped 
in their ranges, in some cases completely (Nos. 31 and 47, and Nos. 43 and 52). 


The range of young squirrels centered at first around the burrow in which 
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they were weaned. For the first week or so after emergence they rarely strayed 
more than a few yards from the burrow entrance, but as they grew larger this 
range increased rapidly. Some moved to other Areas, but many remained in 
Area A and were never taken far from the locality at which they had been 
marked. 

In summary, observations at the Calaveras Reservoir indicated that many 
sround squirrels remained within a small area throughout much of their lives. 
This sedentary behavior may help to explain the frequent occurrence of unoc- 
cupied territory apparently suitable for habitation 

VU ovement: Records showing a total distance covered of more than 150 yards 
were analyzed for movements. The 134 squirrels in this category represented 
17.6 percent of the marked population (762 individuals) and 31.4 percent of the 
group with adequate range or movement records (427 individuals). None of 


the movements observed was very extensive; only six individuals were known 


to have moved 1200 yards or more, and the maximum distance recorded was 
about 1300 1 irds It is likely that some individuals moved out of range of 
the traps, but there was no indication of large-scale emigration over great 
distance No reports of mass movements among ground squirrels of this 


enecies 4 Known to us, such as have been obser ed in the eastern gray squirrel 
Sciurus carolinensis (Seton, 1929 


omplished in a very short time, but some 


\lovements were occasionally ac 


weeks or even months. This difference in activity is 


mes last l er severa 


ustrated by the following examples: 


26, of 73 eases recorded in 1940. movement was followed by return to the 


g marking locality, where permanent residence was resumed. The 
: such movements is not clear, but they were apparently exploratory 
, Permanent insfer of range was indicated for 15 adults and 29 
g remained in new localities for at least one month after movement 
eir marking areas 
| in which movement took place is known for 84 squirrels, as follows: 
YOUN 
\ 1 
0 


| 0 7 10 4 


4 _ ‘ l | 16 oD 
5 f I 0 ( 3 5 

) ) 
Y) | 2 0 Z 


—_ © bt 








254 JOURNAL OF MAMMALOGY 





a4 ik. 


Fic. 5. Home ranges of adult male ground squirrels in Area A, Calaveras Reservoi 
1940-1941. I: April 17 to June 30, 1940—45 trapping days. II: July 1 to September 29, 
1940—41 trapping days III: October 1 to December 12, 1940—23 trapping days [\ 
April 16 to June 29, 1941—30 trapping days. Numbers refer to serial number of squirrels 


underscored numbers indicate squirrels marked as young in 1940 














EVANS AND HOLDENRIED.—BEECHEY GROUND SQUIRREL 255 








‘ 
\ 
. \ 
. 2 
* } 
, 
er / 
4 
s 
7 
s 
’ , 
4 
/ 
‘ 
‘\ 
‘ 
‘ oo, \ 
s—- . 
‘ \ 
‘ ‘ 
. ‘ 
. 
‘ ~ 
‘ te 
‘ =, 
‘ 
‘ . 
‘ ‘ 
ey, \ 
= 
‘ 
. ’ 
\ | tte } 
iit 


Fic. 6. Home ranges of adult female ground squirrels in Area A, Calaveras Reservoir, 
1940-1941. V: April 17 to June 30, 1940—45 trapping days. VI: July 1 to September 29, 
1940—41 trapping days. VII: October 1 to December 12, 1940—23 trapping days. VIII 
April 16 to June 29, 1941—30 trapping days. Numbers refer to serial number of squirrels; 
underscored numbers indicate squirrels marked as young in 1940 
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Some difference evidently existed between adult and young squirrels with regard 
to time of movement. The majority of adults moved in June and July, by 
which time breeding and lactation had ceased. August and September were 
the months of greatest movement among the young; this was in the period of 
activity after they had become independent of their mothers and the parental 
burrows. 

A comparison of age and sex groups indicates that there was a relatively high 
incidence of movement among the young males. The age when movement 
occurred is known for 113 squirrels, as indicated in the following: 


DISTANCE MOVED ADULT YOUNG 
YARDS F . P 
150-300 8 10 16 9 
300-600 2 10 24 1] 
600-1200 l 0 i4 } 
1200 or more ] 0 2 l 
Totals 12 20 56 25 


Young males comprised the largest group of movement records, which might 
be expected, because they also made up the largest group in the total marked 
population (Table 1). The incidence of movement can be obtained by compar- 
ing the percentage showing movement in each age and sex group as in Table 8 
About 35 percent of the adults and 50 percent of the young disappeared after 
marking, either because they died or because they moved beyond the range of 
trapping. Hence it is likely that each group actually contained a higher percent 
showing movement. This is indicated in Table 9. Either basis of comparison 
leads to the same conclusion, namely that young males showed the greatest 
tendency to move. Similar observations were made by Kalabukhov and 
Raevskii (1935) in population studies of a Russian ground squirrel (¢ 
pygmaeu: 

The number of squirrels marked in 1940 in each Area that were taken late 


that year in other Areas was as follows: 


AREA AR kK 
ARE \ i 
\ 20 15 l 36 
B I 3 17 
( 9 F , 10 
D 0 0 
Totals 13 25 9 5 64 


| rom these figures a movement index was devised for each Area by dividing the 


emigration from the Area (totals at the right of the horizontal columns) by the 


migration into that Area (totals below the vertical columns 


No. of squirrels marked in Area A that were 
N f sq ls mar 
‘ subsequently caught in other areas 
Movement index of Area A = |- ; : 
No. of squirrels marked in other areas that 
were subsequently caught in Area A 
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The movement indices and the corresponding population densities (squirrels 
per acre) of the different Areas are compared as shown in Table 10. Area A, 
with the greatest density, also had the highest movement index; Area D, the 
least density and the lowest index. Movements thus appeared to be away from 
areas of higher density towards those of lower density. 


TABLE 8 Percent of total population, marked in 1940-1941, showing movement 


ADULT YOUNG 
Total marked population (1940-1941) 117* 173* 316 288 
Number showing movement 12 20 56 25 
Percent showing movement 10.3 11.6 17.7 8.6 


* Includes recoveries in 1941 of squirrels marked in 1940 


TABLE 9 Percent of population with adequate records, marked in 1940-1941, showing 


movement 


ADULT YOUNG 

Total population with adequate records (1940 

1941 78* 110* 157 148 
Number showing movement 2 20 56 25 
Percent showing movement 15.4 18.2 35.7 16.9 

* Includes recoveries in 1941 of squirrels marked in 1940 
TABLE 10 Comparison of the trapping area n regard to movement indices and populatio n 

de nsity 
194( A I 

Movement index 2.77 68 48 20 
Density 16.8 12.6 3.2 2.9 


SOCIAL BEHAVIOR AND TERRITORIALISM 


Some squirrels regularly inhabited a common burrow system without apparent 
conflict, but on several occasions when individuals were frightened into burrows 
evidently not their own, squeals and other signs of conflict were heard and the 
intruder was evicted. Every squirrel had three glandular folds just anterior 
to the anus, which apparently served as a means of identification; they were 
extruded when the animal was excited or frightened, and when two squirrels 
met, each smelled the anal region of the other. Young squirrels sometimes tol- 
erated each other and sometimes gave chase, apparently in play; they were 
generally interested in the approach of any squirrel, young or adult. Adult 
females were seldom seen to chase young, and pursued other adults seemingly 
with little vigor or determination. The ranges of young squirrels and of adult 
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females frequently overlapped, but there was little evidence of fighting among 
them. 

Adult males displayed a greater degree of aggressiveness. They generally 
tolerated the very young squirrels and allowed the latter to forage peacefully 
beside them, but by mid-summer adult males were frequently observed to chase 
all young that came near them. They chased other adults at all times, but 
especially in April and early May (no observations were made from January to 
April). Fighting that resulted in open wounds was never actually observed, 
but of 55 adult males captured between April and June 1941, 21 had visible 
scars on their heads or bodies, apparent marks of conflicts, which might have 
taken place below ground. Females were rarely found with such scars. The 
possibility that adult males maintained individual territories, which they de- 
fended against invasion by other males, is suggested by the following evidence: 
(1) They possessed comparatively small ranges to which they steadily adhered. 


(2) Their ranges, though adjacent, seldom overlapped; the occasional overlaps 


were slight. (3) They were much more aggressive than adult females or young, 
and ‘vigorously chased other squirrels 1) Many of them showed sears. 
5) The relative scarcity of adult males as compared with adult females sug- 
gests that the former were excluded from established territories and forced to 
move to other areas; this would naturally lead to lower densities of adult males 
in colonized areas. Grinnell and Dixon (1918) believed that in the breeding 
season adult males occupied individual burrows at the outskirts of a colony 
The majority of our observations were not made in the breeding season proper, 
but they indicate that territorialism, if it exists, may extend to other parts of 
the year 


SUMMARY 


1. This paper presents a three-year population study of the Beechey ground 
squirrel at the Calaveras Reservoir in central California. A total of 1,154 squir- 
rels was caught, of which 949 were marked and released for further observation 

2. The study area is in the Upper Sonoran life-zone and has a mild climate 
with a pronounced wet season. Ground squirrels were largely restricted to 
open grasslands, where abundant food was available at all seasons. Four areas 

\, B, C, and D), from 8.2 to 32.7 acres in extent and with a total acreage of 


77.6, were selected for trapping and marking squirrels 


re 
t 


3. Live traps of heavy wire screen were used, and generally placed whe! 
likely to catch squirrels instead of in a grid system. Squirrels were weighed 
and marked before being released. Toe clipping proved to be a thoroughly 
reliable marking method Ear tags and dyes were also employed to mark squir- 
rels, but were not very satisfactory. 

1. The Beechey ground squirrel has a marked seasonal cycle of activity in 
this area, breeding probably from February to April. Young squirrels first 
left their burrows late in May, but grew rapidly and attained mature size by 
November, when 7 to 8 months old; mature squirrels generally weighed from 
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500 to 800 grams each. Young squirrels acquired new hair throughout the 
summer, and a definite molt in adults was generally evident in May. Trapping 
records indicated that some of the adults, particularly females, entered a period 
of estivation and/or hibernation, but that many of the young were active 
throughout the year. 

5. In the breeding season almost every female apparently gave birth to a single 
little of young. Eight litter counts made within a day or two of first appearance 
above ground gave an average of 6.25 young per litter. Among mortality fac- 
tors presumed to be acting on this population were disease, present in 1942 in 
the form of plague (Pasteurella pestis), and predation by many vertebrate species. 

6. In 1940 there was an average density of seven squirrels per acre on the total 
area trapped; figures for Areas A and B indicated an increase in density in 1941 


and a decrease in 1942. Analysis of sex and age ratios suggested a greater sur- 


vival of female squirrels and pointed to the operation of a selective mortality 
factor in 1941 or early 1942, which reduced the population of young. Only two 
individuals were known to have attained an age of three years, and it is unlikely 
that the average life-time under natural conditions was more than two years. 
In Area A there was a net increase of 22 percent of squirrels from 1940 to 1942, 


as indicated by the number of adults alive in the breeding season. 
7. Nearly 70 percent of the squirrels with adequate records were never trapped 
outside of areas 150 yards in greatest length, although some were occasionally 


4 1 


iken several hundred yards from their normal ranges, and others permanently 


transferred their ranges to different areas. Adult males exhibited the most 


riking limitat 


ion uf range, and rarely overlapped with one another. Limited 


hour ‘ 
wures \ 


e an average home range of 0.36 acre for adult males and 0.59 acre 
was about 1300 vards: 
exploratory. Adult squirrels had largely 


tat! 
for adult females. The greatest recorded movement 


ve largely 


» 
movemenis appeared to | 


moved by the end of July, but young squirrels moved most often in August and 
September; young males lisplaved the greatest tendency to move Move- 
ments appeared to be away from areas of higher density towards those of lower 

8. Adult males appeared to be more aggressive than other squirrels, and 
many had visible scars on their heads or bodies. Adult males may possibly 
maintain individual territories, which they defend against invasion by other 
m 
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GENERAL NOTES 
NOTES ON THE LONG-TAILED SHREWS IN MINNESOTA 


Trapping of small mammals, during November, 1940, to August, 1941, has produced some 
rather interesting if not unusual results concerning the long-tailed shrews of Minnesota. 
Among these, the high populations of Sorex cinereus cinereus Kerr and the extreme scarcity 
of Microsorexr hoyi hoyi Baird are the most striking. In addition, some information con 


' . , . , , , 
eerning Sorex arcticus laricorum Jackson and Sorex palustris palustris Richardson was 


Sorex cinereus cinereus Kerr.—A total of 112 specimens of this species was t 


ind in all the areas trapped except Martin County (Table 1). This f 





TABLE 1 Summary by species of long-tailed shrews caught 





ae artes TRAE SOREX SOREX “ ae 
se NIGHTS* INEREUS ARCTICt 
Nov > Fairmont, Martin Co 79 
De 17-27 Fairmont, Martin Co 921 
Jan. 25 Cedar Creek Bog, Anoka Co 64 
Feb. 1 Cedar Creek Bog, Anoka Co 174 l 
Feb. 8 Cedar Creek Bog, Anoka Co 167 9 
Feb. 15 Cedar Creek Bog, Anoka Co 150 l 
April 2-May 30 | Forest Experiment Station, 
Carlton Co 7254 63 6 
June 19-26 Anoka Sandplain Anoka Co 945 ] 
July 31-Aug. 26 | Itasca Park, Clearwater Co 3120 37 l l ] 


Tota 12,874 112 7 l 1 


* Small snap back traps were used except in Itasca Park where live traps similar to those 
devised by Dr. W. H. Burt were emploved 


high, especially when it is noted that it ranked second only to the red-backed 


Clethrionomys (118) in total numbers caught and was taken more often than Pero 


my 106) and Microtus (81 Also, it was found that this species prefers a semi-aquatic 
especially coniferous swamps and marshy areas along streams and lakes where 


in abundance of sedges and grasses. The animal is not 


restricted to these two 
habitats, however 


for it is occasionally found in the more mesic uplands. Indeed, one was 


taken on the Anoka Sandplain, which is a rather xeric habitat that supports, for the most 
p oaks and prairie vegetation Blowouts on the sandplain, which create temporary 
b of water, probably are responsible for the invasion of such a habitat by this small 
mamr 


The uplands referred to are those bordering swamps and it was found that the 
cinereous shrew seldom penetrates far into the interior but, for the most part, is restricted 
periphery. In these transition zones, its range was found to overlap that of the 
which is seldom caught in swamps. In the coniferous 
swamp, this shrew is most commonly associated with the 


v te-footed mouse Peromyscu 


red-backed mouse, while in the 
marshy areas the jumping mot 


se Zapus and the meadow mouse Microtus replace the red 
backed moust 
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This tiny mammal is active during the day as well as at night for it has been taken during 
daylight hours. It is to be noted, however, that it seems to be more active on cloudy days 
than when the sun shines. In addition, it was found to be one of the most active of small 
mammals during the winter; nor is this activity restricted to runways under the snow for 
it is commonly caught in traps set on top 

Microsorez hoyi hoyi Baird.—As is to be expected, this shrew proved to be rare or elusive, 
as only one specimen was taken. Obviously, no conclusions can be reached concerning the 
habitat preference of this species. The one was taken, however, in a marshy area adjacent 
to a small stream in Itasca Park where Sorex cinereus was common, suggesting that its 
habits are similar 

Sorex arcticus laricorum Jackscon.—Only seven shrews of this species were taken (Table 
l In addition, one specimen was obtained from F. F. Hooper who caught it at Cedar 
Creek Bog, September 30, 1940. The specimens taken were found in the same areas wher 
Sorex cinereus is common (four in marshy areas along streams, three in coniferous swamps 
This, of course, indicates that this shrew also prefers semi-aquatic habitats. In fact, one 
of the animals taken was caught in a trap set on a small elevation that was surrounded on 
all sides by an inch or so of water. This, to be sure, indicates that this mammal is quit 
aquatic; more so perhaps, than is commonly suspected 

Conclusions.—The most common shrew in Minnesota during the period November, 1940 
to August, 1941, as indicated by trap records, was Sorex cinereus (112 taken). Microsorez 
hoyi proved to be rare; only one was caught. MSorez arcticus, was also a somewhat uncon 
mon shrew (7 caught The two favored habitats of long-tailed shrews in Minnesota are 
coniferous swamps and marshy areas along streams.—Don QuimBsy, Division of Entomology 
and Economic Zoology, University of Minnesota, St. Paul, Minnesota. 


SPEED OF SOME WILD MAMMALS 


In the constant struggle of prey to evade predators, Nature has placed a premium or 
running speed and alertness. That these have had high survival value in the evolution of 
mammals, there can be little doubt. Even a casual study shows that there is a vast indi 


vidual variation even among members of the same species and, as would be expected, 


tremendous difference exists in the running speed of different species. Conditions of the 
individual and of the terrain greatly modify the running speed 


Extended field work afforded the writers opportunity to make observations in the field 


on the running speed of a number of species that seem worthy of recording. Addition 
records were obtained from refuge superintendents and collaborators. All records giver 


were obtained from the speedometer of an automobile and most records were checked by 


two or more observers in the car at the time the test was made.—CLARENCE COTTAM AND 


C.S. WriuraMs, U.S. Fish and Wildlife Service, Washington, D.C 


RABBIT MORTALITY ALONG AN IDAHO HIGHWAY 


> 


tecords of rabbit mortality along U.S. highway 30 through southern Idaho have been 


published by several observers. Counts were all made during summer or early in the fall 


ily comparable. During a trip over this road on August 11, 1940, the write 





and are rou 


took advantage of the opportunity to make additional observations 


Gordon (1932) counted rabbit carcasses (across Idaho) during the summers of 1929 and 


1931 He refers to his route as ‘“‘ highway No. 40’’ but U. 8. 40 does not touch Idaho at any 


point, and reference to localities mentioned shows that the route followed was ac 


tually | 
8.20. Hemade no count through cultivated areas. In 1929, Gordon’s average was slightl; 
over 2 carcasses a mile, but in 1931 it was 8-12 a mils Along short stretches, some average 
were 10 a mile, but in 1931, near Thousand Springs, nearly 100 carcasses a mile were see! 


over a 2-3 mile stretcl Only one stretch averaged as low as 2 a mile in 1931 
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TaBLe 1.—Running speed of mammals 
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Sperry (1933) traveled over much the same route in September 1932 and then ed 
iverage of 2.7 rabbit carcasses a mile over about 275 miles An average of 1.1 carcasses 
mile was seen over 685 miles of Idaho highways, incl iding travel over U.S. 3 Figures f 
Thousand Springs are not specifically given, but are included in an 80-mile strit 
aged 1.5 carcasses amile. The highest average count over a short distance v 14 carcass 
i mile along a 15-mile stretcl 
Williams and Nelson (1939) made counts of dead rabbits along U.S. 30 on Aug 10-1 
and again on August 13-14, 1938 Figures are given for 364 miles of the earl r 
194 miles of the later on Only 157 miles of these dista1 can be com { 
trips The first trip revealed an average of 6.8 car ss le whi t 
showed only 5.1 along the same part of the road. The entire 342-mil 
iverage of 3.5 carcasses a mile as compared with 5.9 on the 194—mile trip r 
Springs section was one of high counts, averaging 12.0 carcasses a mile on the r triy 
ind 19.7 on the later one 
TABLE 1] Rabbit Mortality Along U.S. 30 in Idaho, as Recorded by Va us ( 
1929-1940 
R CARCASSES § , 
—_ OTAL D NCE Ave 
US 30 AN age or! Averag I Avera 
Gordon “‘summer 1929 “across 2 10 (nor eage 
Idaho”’ 
Gordor “summer 1931 ‘across 8-12?) 100.0 (2-3 mi 100 (2-3 
Idaho 
Sperry September 1932 275 miles 2.2 1.5 (80 mi 14 lS 1 | 
Williams Aug. 10-11, 1938 364 miles 3.5 12.0 (22 mi 13.0 (18 n | 
Williams Aug. 13-14, 1938 194 miles 5.9 19.7 (22 mi 19.7 (221 
Smit! August 11, 1940 300 miles 1.7 0.3 (25 mi 14.2 (25 | 
| 
This writer’s records were made in 25-mile units along U.S. 30 beginning at T: 
Utah, and ending at Boise, Idaho. Only one of the twelve units included in this 
failed to contain a rabbit carcass, while one had 355 de rabbits In tl 25 il 
that included Thousand Springs, the average count to the mile was only 0.3 s | 
figure was obtained for the unit immediately south of Boise, where Sperry counted ar 
verage of 14.1 carcasses a mile over a 15-mile stretch in 1932, and where W I | 
Nelson found 2.1 carcasses a mile in 1938 
The accompanying table shows that counts of this kind n ry as much as 60 percent | 
within a four-day period, and that over a period of a year, counts may vary from 0 100 
mile along the same area. There seems to be an indication of a comparatively high popu 
lation in 1931 and 1938, and of a low point during 1929, 1932, and 1940 re i r 
dence of a sudden decrease in population during the latter part of 1931 and the early part 


1932 and between 1938-40 
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entir rigl sublingual f 1 of eacl nimal appe ired normal The 
1 on the left side forr 1 ticulum beneath the tongue, with 
g below the left cheek teetl Some of the mouth contents had collected and 
he divertic I he mass, held down from above by the heavy mus 
gus terally | the jawt igainst the muscles, fascia, and ski: 
the rar had caused these soft The resu t external abscess 
ellings were easily visible among a ron the range 
1 evidence that the mass underneath the tongue had caused anything mors 
pernay;r some annoyance to the two affected anim Is No gross pathological changes, 
suc! might be expected from irritation caused by coarse material in an unnatural loca 
he bo ould be detected either in the sublingual fold or in the adjacent tissues 


ssible to determine whether the diverticula found in these two animals were 
preset! t birt Possibly the abnormally wide sublingual folds were congenital as the 
ndition was found in equivalent tissues in two deer from the same region. The deep 


e slit-like openings mig ht have developed after birth, thereafter becoming 





enlarged by the gradual accumulation of impacted food 


eer, a male with 10-point antlers. killed in Kerr County during the latter part 
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of the season, December 1941, was brought to the College January 17, 1942. Condi 
observed were essentially the same as in the others, except that the opening into the ventral 
diverticulum was on the right rather than on the left side of the tongue. There was some 
hair in the pocket under the jaws, a few oak leaves, some miscellaneous uni f 





material, and about a dozen whole acorns. Also present were a number of worms (larv 
of some lepidopterous insect 

Examination of these specimens indicate that there is no cause for concern regarding this 
particular type of lump-jawed condition observed in certain deer in Kerr County, Texas 
H. L. Van VoLKENBERG, Dept. Veterinary Parasitology, anp W. P. Taytor, Texas Coopera 
tive Wildlife Research Unit, College Station, Texas. 


NOTES ON THE ROOSTING-PLACE OF PIPISTRELLUS HESPERUS 


The little western canyon bat (Pipistrellus h. hesperus) has generally been considere: 
strictly a crevice dweller, roosting under slab rock and in crevices of cliffs. Very few speci- 
mens are on record that have been collected alive from their roost, with most specimens 
being obtained by shooting them as they forage through the air before dusk. Von Bloeker 
(Jour. Mamm. vol. 13, no. 3, p. 273, 1932) records three specimens captured alive from under 
loose rocks, while Burt (Trans. San Diego Soc. Nat. Hist., vol. 7, no. 36, p. 396, 1934 





of taking one from a small crevice on the side of a cliff in southern Nevada 
In view of the scanty information on the actual capture of this common bat in its diurn 
roost, it seems worth while to record further instances of live capture and to comment on 
type of roosting place heretofore unmentioned in the literature dealing with this speci 
On July 20, 1935, while engaged in some extensive bat collecting in the Riverside Mour 
tains, Riverside County, California, I took a lactating adult female Pipistrellus h. } 


from a pocket in the rock wall forty feet from the entrance of a 150 foot mine tunr The 
bat was resting on top of a horizontal surface and not suspended head downward No tr 
of her young could be found 

On the morning of August 4, 1935, at the same locality I prepared to enter a tun similar 
to the preceding one, but found my way blocked by two large and decidedly hosti rattle 


snakes. While busily engaged in dispatching the two snakes, I startled the bat populatior 





of the tunnel into flight. A total of seven bats were roosting in the short tunnel a s the 
passed out into the sunshine they were easily identified as Pipistrellus h. hesper Inste 
of scattering and seeking new roosts, the seven bats flew leisurely about the entrance ar 
then returned to the darkness of the tunnel. This occurred several times th the 
pipistrelles being within ten feet of me on numerous occasions, thus making identificatio 
positive After successfully removing the rattlesnakes which had blocked 1 path, | 
entered the tunnel and managed to collect two of them rhe other five agai t of the 
tunnel, but did not return 

A third instance of the occurrence of Pipistrellus h. hesperus in a cavernous t ennai 
came to my attention on August 19, 1937, while I was collecting bats eight m nortl 
Parker, Yuma County Arizon: On this occasion I entered a large high r 
nel. This particular tunnel followed an ore vein and the high ceiling was due to the miners’ 
efforts to take out as much of the ore as possible The walls and celing were led]; 
rough, with many shelves and large pockets, as compared to the relatively smooth walls 
an ordinary type tunnel. A short distance within the tunnel a large colon) M 
californicus was discovered and when disturbed, beat rapid retreat to a poi leeper 
within the mins Upon the departure of the leaf-nosed bats, several small bate w ol 
Sé rved circling overhead With the aid of a large mouthed hand net, severa f them wer 
captured while in flight, and upon examination proved to be Pipistrellus h. hesp They 
were observed alighting on small ledges near the ceiling or crawling into ro erevices 
teaching the ceiling on some make shift scaffolding, I succe eded In sec uring se ' more 
specimens of this species with the aid of long-nosed scissor forceps which permitt extr 
tion of the tiny bats from deep crevices. In every case, however, pipistrelles were roosting 
singly. Eleven specimens were taken from this roost, four of them being females 

In conclusion it may be said that although Pipistre llus h. hesperus generally roosts rot 
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sides; it will, however, when conditions are right. select 


might be 
ll three of these observations were made during the hot 
same mine tunnels during the 


1ined.— KENNETH E. Sracer, Los Angeles Museum, Los 
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158, 1941) states that this spec ies may often be found locally in certain northern parts of 
state The writer, while conducting field trip with a class in ex logy found and 
i a specimen of this species in October 1937 in a steep and narrow river gorge cut 
hrough sandstone at Stow, Ohi This gorge now serves only for the drainage of several 
SI springs and for run-off during periods of heavy precipitation. The floor of th gorge 
floodplain; the slopes have for the most part reached a beech-maple climax, while 
ng the rim ars number of relict hemlocks The jumping mouse was discovered on the 
floodplain in the bottom of a shallow vell enclosed by a concrete rim 3.5 feet in dian 
ter t feet deep. The mouse was shaking violent] ipparently from fright, and was 
s iptured, not n ing or attempting to escaps Raupu W. Dexter, Kent State U1 
ty, Ker Ol 
BAMBOO AS PANDA FO¢t 
lhe New York Zoological Society has recently acquired a pair of giant pandas. the gift 
Madame Chiang Kai-she ind Madame H. H. Kung to the people of the United States 
sa token of the Chinese people’s appreciation of the pract expressions riendship 
I e reached them 
Incidental to the arrival of th pandas is the introductio1 of living plants species of 
imboo known to constitute an important part of their natural daily dic rhe fact that 
principal natural diet of the panda is bamboo, of which it may eat as much as 20 pounds 
the leaves and twigs in a single day, complicated the problem of providing food for the 
g, | round-the-world journe rom China to Ameri Mr. John Tee-Van, the 
Z - societ representative, brought with hir m Chungking suffici bamboo 
t few d the homeward journs nd when this was exhausted. fres!] eri 
ilable bamboos was secured at Mat Hot nd Ben Francis 
pecimens submit 1 to me by Mr. Te Var rr identifieatior r m i rma 


Introduction, Bureau of Plant Industry, U. 8. Dey Ag ure, I a1 report 
t olle ng t s are nown to be pnp ble het d 
{ nai? 4 { Muhlt S iten ( ne Nat southern states 
2. Bambusa multiplex (Lour.) Raeusch. Hedge Baml Native to Kwangtung, China 
roduce I irm regions throughout the w hedge plant and potted orna 
Der 0 an f / Roxt Nees Nat e to India 
Sinobambusa tootsik (Mak.) Makino. Native to China: introduced in the Hawaiiar 
nds and continental United States 
>. Pj tach } A Chinese bamboo i tior Chengtu, Szechuan, China 





SF losa uponica (S. & Z.) Ma {rut a japonica 8. & Z Met A 
nese bamboo widely diss« ited in cultivatior ihe commonest species in cultiva 
ler parts of the United States, it thrives in the vicinity of New York. and is 

now! survive out of doors on our eastern coast as far north as Bostor 
7. Sasa senanen Franch. & Sav.) Rehde1 \ large-leaved Japanese bamboo of low 
tature, material of which was supplied by the Arnold Arboretum According to Dr 
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Donald Wyman, clumps in the open ground at the Arboretum often come through the win- 
ter with little or no injury from cold. 

8. Sasa chrysantha (Mitf.) E. G. Camus (Arundinaria chrysantha Mitf.). A small 
Japanese bamboo. 

9. Sinarundinaria sp. Native to the haunts of the panda at altitudes between 6000 and 
9000 ft. in the mountains of Szechuan, China. 

Mr. Tee-Van brought with him to the United States living plants of nos. 5 and 9 in the 
foregoing list for propagation by the Division of Plant Exploration and Introduction 
These are now being grown under quarantine, and it is hoped that they may later be suc- 
cessfully introduced into cultivation, for they will delight the eye of man as well as tickle 
the palate of the panda. Meanwhile, existing supplies of Pseudosasa japonica (no. 6 in the 
foregoing list) of which new local sources are being reported at a gratifying rate, bid fair to 
be adequate and satisfactory for the pandas’ current need. 

It is noteworthy that the panda, which is considered to be rather exacting in its food 
habits, will eat, with apparent relish, fodder from as many as nine species of bamboo repre- 
senting eight different genera. There seems to be some disagreement, however, between 
different reports as to what part of the bamboo is eaten. All agree that the fresh leaves, 
twigs, and young shoots are readily accepted. Especially is doubt cast upon reports that 
the fodder will sometimes be eaten after it has become dry, and that well-hardened culms 
up to a half-inch in diameter may be eaten by the panda. Mr. Tee-Van has the following 


to say on these points 





“*The two New York pandas on their journey from China refused to eat dried bamboo 
stalks or leaves, and at the Zoological Park they continue to exercise that discriminatior 
During part of the long steamer journey when the refrigerated cut bamboo had dried up, 
leaves of bamboo were cut into pieces half an inch long, soaked in water for half an hour, 
the excess water drained from the leaves, and the cut leaves then mixed with the pandas 
boiled cornmeal mush, to which honey, milk and sugar had been added. The pandas 
eagerly accepted this mixture 

‘* As to eating well-hardened culms up to half-inch in diameter, the supposed male of th 
New York pair, an animal 60 lbs. in weight in November and 90 lbs. in weight on March Ist, 
has devoured stems up to 4 mm. in diameter. There was general agreement among people 
in China who had known pandas that larger animals can devour culms up to one-half inch 
in diameter.’”’—F. A. McCuvre, Division of Plant Exploration and Introduction, Bureau of 
Plant Industry, U. 8S. Dept. of Agriculture, Washington, D. C 


FISHER ABROAD IN DAYLIGHT 
While on duty near the base of the General Sherman Tree at 2:10 p.m. on August 5, 1941 
my attention was called to a cat-like animal that was moving through the forest about 75 


yards distant. The outline at first caused me to believe it to be a marten, but a glimpse of 


the long tail convinced me that it was a fisher (Martes pennanti The mammal moved in 

leisurely manner and I pursued it as quietly as possible. When it stopped, I did likewise, 
using whatever cover was available. I am reasonably certain that the fisher saw me, but it 
showed no apparent concern. After going some 50 yards, with about three stops to loo 
about, the mustelid jumped deftly onto a fallen log about four feet in diameter and dis 
appeare d on tl e opposite side I went to the log as quickly as possible, and climbed upor 


it. The fisher was not in sight 
In about one-half minute 


t appeared from behind a large fallen branch some 15 feet fron 
me and looked toward the west, downhill. Suddenly the animal turned and came directly 
toward me, passing through a large break in the log, almost beneath my feet I was about 
five feet above the fisher, but apparently it neither saw nor smelled me. After passing 
under the log, it went about ten feet before stopping and sniffing the air. From the log I 
had an excellent view of the dark body and the lighter cinnamon-colored hairs across the 
shoulders, the “‘belligerent’’ (to us a human description) expression on the face, and the 
long tail, which seemed out of proportion to the rest of the body. The fisher paused about 
30 seconds, sniffing the air in a seemingly-unconcerned manner. Suddenly it seemed to get 











GENERA NOTES 269 


wees ' , s ed rapidly toward the [She rman 
Aeain I pursued. but s greatlh listanced. The fisher crossed the fenced-off 
the tres na nen tast see tw 2 Ty ng in the } ] hove the Wolverton road 
r } - a Sey aa Star tn mame 
) H. HuBpBARD, Se \ nal P 
| 








Mavhill. Ne 


) 
— = ' 
| ) ; : 
f 
| 
} iol 
) ~ ) ) ‘ } | ? \ 
j \l , = 
2 / 
I Sonoran Zone (see H 
S | 8 ( / } Paus 
) | s Zo ! 
( a { 
I t ! his regior 











270 


Al 


On Novembet 


it an altitude of 


( 


ounty 


rivt 


»~ 
) 


California 


19 


DINAI 
11, the 
8 400 feet 


‘his 


JOURNAL OF MAMMALOGY 


RECORD FOR THI POTTED SKI 


NK ID 


writer capture d 


two and one 


t spotted skunl Sp logale qre 
quarter miles west of the 


known 


Sonora P 


L\LIFORNIA 


i 


{for pine n 


Tuolun 


W 


vhere 


» far as constitutes an altitudinal record exe 
by over 2,000 feet any previously reported for this species. The habitat in 
individual was secured was unusual in that it was zonally far above that normally 
by spotted skunks, being well up in the Canadian Life Zon Red fir (Abies n 
white pine Pin monticola ind lodge pole pine Pinus conto tvar. murryana 
dominant trees in this locality, which was the granitic canyon of the upper ] 
Middle Fork of the Stanisla River The area w inhabited by boreal species 
mals such as golden mantled ground squirrels, red squirrels, flying squirrels 
marten, all of which had either been observed or secured within 100 vards of 
spotted skunk was taker The latter animal s caught in a steel set place 
ten and tracks of marten the time were in eviden mn the sno vhich covers 
to i dept! ot our inches 

It appears probable that skunk n imm ire female, slightly less thar 
grown, had wandered west from the east side of the Sonora Pass where Great Basit 
mental conditions preva Lateral stripes are lacking on this specimet S 
true of the race wrata weupving the northern Gre Basin regior Roper 
California Academy of Science San Frar Ca or? 

FIVE KITTENS WITH CONJOINED UMBILI CORD 

In a litter of eight kittens born to an orange-yellow illey « in June 1LO4L ne 

iter, Oklahom five had their umbilieal cords united distally and appeared to | 
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ittached to a common placenta; the placenta, however, was not observed. When the 


five specimens were received, as a gift to “‘Science’’ from Mr. Fred Gilman, four of them 
were alive, The 
fifth individual was dead, its cord was broken, and its hind limbs were seriously deformed 
The animals were sexed by 


still connected, and of apparently normal structure in the body proper. 


as a result of having been entangled in utero with the cords 
dissection—two males, three females. The females are tricolored (black-, yellow-, and 
white-spotted), the males allover yellow 

The authors have indulged in considerable speculative discussion concerning the embryo- 
The variations in sex and color militate strongly 


and genetic aspects of this case 
Furthermore, it would 


zainst the view that the animals may be identical quintuplets 
separate placentae. Nevertheless, it is 





er that even identical offspring should |} 
ul although perhaps very higlily improbable, that the five siblings did derive 
inderwent sex reversal with concomitant 


{ror single zygote and that a part of them 
sex-controlled change in coloration.—R. O. Warrenton, H. W. Orr, R. N. DANIELSON, 


anp R. ( Hucues, Department: of Physiology and Zoology, Oklahoma Agricultural and 


Mechar il Colle ge, Stillwater. Oklahoma 


iE POCKET GOPHER IN RELATION TO YELLOW PINE REPRODUCTION 


tain meadow range study started in 1931 on 


Ir nr tion with a pocket gopher-moun I 
the Ocl National Forest in Oregon, an interesting condition appeared concerning the 
reproduction of yellow pine (Pinus ponderosa 
meadows. the forage of which is 


Interspersed throughout the forests are openings ( 


sheep and cattle on an allotment and rental basis. The accompany 


tilized primarily b 


ing table shows the result of an inventory made in September 1940 


his forest is in that area known as the Blue Mountains and over which as a whole pine 
reproduction is more dense than is desirable for satisfactory timber growth Also from 
t} iewpoint of those interested in wildlife and livestock no desire is evident to reforest 
+} + + ] 
. ng iral openings 
TABLE 1 Yellow pine seedlings counted on plots 
PAIRED PI Tr’ NUMBER 
1 4 Totals 
Pocket Gophers Stock Exclosure 19 112 566 697 
Remov Grazed Control 0 0 0 0 
Pocket Gophers Stock Exclosure 0 7? 7 
Unmolested Grazed Control 0 0 0 
Plots } acre in size except No. 2 exclosure which contained 4 acre 
Current season seedlings in one spot as result of a mouse cache 
ne bl licates that grazing and the presence of pocket gophers (Thomomys talpoides 
re responsible for the lack of reproduction on the plots When pressed for 
food ‘ will consume most growing green vegetation within reach and as the plots 


were subjected occasionally to the demands of bunched bands of sheep the reason for lack 
tion on the unfenced controls is apparent 

Food of the pocket gopher probably embraces as wide a variety of vegetation as that of 
ny animal and includes the roots, tops and bark of those pines occuring in its range. No 
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indication, however, has been found that the animal consumes naturally disseminated 
pine seed and while captive pocket gophers taken from this study area partook readily of 
other food, pine seeds were rejected 

footed mice (Peromyscus spp.) is th 


primary cause of the lack of reproduction within these exclosures inhabited by the gophers 


Utilization of pocket gopher runways by white 
This is shown by pine seed hulls found within the burrows and in the dirt of the mounds 
thrown up when abandoned runways are reoccupied by the pocket gopher. The areas from 
which these burrowers have been removed and the tunnels have collapsed do not afford 
the mouse shelter and as a result the seeds are gleaned less thoroughly by the seed eating 


rodents A. W. Moore, Fish and Wildlife Service, Hillsboro, Oregon 


NOTES ON MANATEES IN FLORIDA WATERS 


During the cold spell of January, 1940, a number of manatees, Trichechus manat 

ostris, succumbed and their bodies were washed ashore and stranded by the tide at 
various points in the vicinity of Charlotte Harbor on the west coast of Florida. Cah 
1940) stated that four de: 


empties into Charlotte Harbor near Punta Gorda, and a fifth was found dead just soutl 


d manatees were found at the mouth of the Peace River which 


the mouth of the Caloosahatchee River near Fort Myers. Gunter (1942) mentioned the 
death of one manatee in the Peace River near Cl — Florida, and four others that were 
killed at the same time in the Peace River, the bodies of which were found in Charlott 
Harbor. It may be that these men made reference to the same animals. Gunter (1941 
made the statement “‘It is well known that manatees are very susceptible to cold 

The extremely severe cold wave of the past winter (January, 1940), probably would have 
killed any manatee on the northern Gulf Coast.’’ Although manatees have little need 
for insulation under usual tropical conditions, they are well supplied with fat and a heavy 
skin covering. This is, however, inefficient in insulating the body against unusual lower 
ing of the air temperature. Howell (1930) suggested that the connection between the 
( ei aries of the oil system and the vascular capillaries in the cetaceans might be sufficiently 


lose o allow for a possib le interchange of ¢ -arbon dioxide by diffusion This possI bility 


might also be applicable to the tropical sirenians and might explain the abundance of fat 
and oil as an absorptive mechanism for excess carbon dioxid« 

On June 2, 1940, while assisting Dr. C. M. Breder, Jr. at the Florida laboratory the 
New York Aquarium the writer collected a complete manatee skeleton on tl easter! 
shore of La Costa Island. The skin of the animal was still fairly intact at the time 
though the fleshy parts were almost completely de composed The skeleton is now in tl 
Museum of Zoology of the University of Illinois Mr. Robert Spearing, local guide for 


laboratory staff, told of three other manatee bodies that had been stranded near Sout 





Boca Grande These bodies had been buried by the k | peopl 


More important than the observations on dead manatees, was the finding of fi ng 


manatees by Mr Spearing and the writer on June 30, 1940 While returning fro 


ecting trip, we sighted the five animals feeding on eelgrass along the outer shore of Sanibe 


Island about two miles below Blind Pass. When first seen the animals were in about 





feet of water During 45 minutes observation, we distinguished what appeared to be on 
bull, about 12 feet in length, three cows about 9-10 feet in length, and one calf about 3} 
feet in length At first the bull reared part way out of the water and headed out toward 
the open Gulf Mexico, closely followed by two of the cows The other cow. apparently 
the mother of the calf, started southward along the shore : ympanied by her offspring 


From his actions, it appeared that the bull was trying to divert our attention from the 
cow and calf although while we were in the vicinity he did not move more than a quarter 
mile from then 

In a recent communication from Dr. Breder, he mentioned that, as of June 1942, M: 


Spearing has seen no manatees since the above-mentioned observation 
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RIOD IN MEARNS COTTONTAII 


ernoon, Feb. 19, 1937, a pair of penned Mearns cottontails, Sylvilagus 

Allen), in copulation were observed by Henry H. Schwane, one of 
assigned to observations The female prepared a nest entirely of hair on 
ice in a small shelter of lumber and bricks, and bore five young at night 
or early on March 18. The gestation period then was approximately 


Jour. Mamm. vol. 10, pp. 225-229; vol. 14, p. 162) reported the probable 





for the O ma cottontail, Sylvilaqus floridanus alacer (Bangs as 28 
Gerstel P News vol. 8, no. 2. pp. 8-10. 32) stated that cottontail 
anv time between 25 and 32 davs after copulation, the normal period of 


tly being 30 davs Georce O. Henprickxson,. Dent. of Zoology and 


EASTERN CHIPMUNK IN NEBRASKA 


15, 1937, ar nidentified trapper gave me an adult female eastern chip 
ut that ght itself ir nare originally set for rabbits This 
the Fontinelle Forest Reserve north of Mill Hollow. I subsequently 
mé¢ vi I s n collectior 
ige the sp [I have in my collection is the only eastern chipmun 


ebras} Raupu Veticu, Department of Zoology, Lincoln, Nebraska 


SysSTEMATI AND THE ORIGIN OF SPECI Columbia University Press 
$4.00 
nterest in the processes of sp¢ ition h developed in the past few years 
prehensive treatises on the subject have appeared in print. Those by 
nn. So yndon, 150th Sess., pp. 275-285, 1938), Huxley, et al. (The New 
) Dobzhans! (sens es and the Origin of Species, 1941 and the several 
es and speciation are among the more important contributions. The 
plements, i! fashion, that of other authors as it is written from the 
stematist whose principal field has been Ornithology 
ralists. the species was a static, rigid entity, arising by special creation 
concept was materially altered by the researches of Darwin and Wal- 
ed the origin of species by the processes of accumulation of small muta- 
‘ by geographic isolatior nd was further altered by Rossmassler (1836 
isin (1899 ind Gul 1905) in the concept of the polytypie species 
rmore geog! iphicall compl. mentary ind varving ra sors ibspecies 


further refined by Rensch and numerous American students, particularly 
ithology, Mammalogy, Conchology, and Entomology, the 1uthor devotes 


tlor 
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According to the author, ‘‘a species consists of a group of populations which replace ea 
other geographically or ecologically and of which the neighboring ones intergrade or inter 
breed wherever they are in contact or which are potentially capable of doing so (with one 
or more of the populations) in those cases where contact is prevented by geographical or 
ecological barriers.’’ 

The reviewer is in full accord with this concept, as are many other students of speciation 
but many ‘‘conservative’’ systematists, at least in Mammalogy, insist on actual, demon 
strated intergradation before they feel justified in uniting two or more closely similar 
“‘species’’ (populations) under one specific name. This procedure has some justification 
in that it counters the tendency of ‘‘lumpers,”’ but, basically, it is without foundation i: 
most instances, at least in Mammalogy, and, as Mayr illustrates clearly, in Ornithology 

To illustrate the height of ‘‘conservatism,’’ Merriam (N. A. Fauna, 41, 1918) recognizes 


six polytypic species (one with three geographic races, five with two) and fifty-five “‘fu 





species of grizzly bear in North America This treatment of a large carnivore t!] 
home range of several miles in radius not only is absurd, but it so obscures the actual rela 
tionships of the group that further work must be done to clarify their now chaotic sys 


of grizzly freely 


tematic status. The reviewer ventures the opinion that all these ‘‘ species 


interbreed in nature where their ranges are in contact, or that they are potentially capabl 
of doing so in instances of geographic isolation. If one accepts Mayr’s definitio1 
species, it will likely be necessary to reduce these 61 ‘‘species”’ to a single polytypic species 


with possibly three or four geographic races. 

Instances such as that cited not only justify Mayr’s criticism of mammalian taxonomists 
but they also obscure relationships and lead to confusion and bewilderment. Happily 
the reviewer can state that the present tendency in M immalogy 1s definite ly t vard tl 
concept of polytypic species. Osgood, in his treatment of Peromyscus in 1909, definitel) 
had this cones pt in mind, and practically ill of the recent systematic papers in Mammalog 
deal with polytypic species 

No mammalogist who has any interest whatsoever in the problems of distribution, di 
entiation, and speciation can afford to overlook this contribution. To the reviewer 
ranks with such contributions as Matthews’ ‘‘Climate and Evolution.”’ 


The book is well printed and has few typographical errors. The author and the pul 


lishers deserve praise for a task well done.—W. B. Davi 
Beard, Daniel, e/ a FapinG Traits. The Macmillan Company, 279 pp., il $3.00 
To conservationists interested in the present (1942) status of threatened wildlife species 


Fading Trails “‘is a ringing challenge.’’ The book denotes three chapters to primitive 
conditions and the effects of exploitations by “‘Civilization’s Heavy Heel,”’ followed by the 


story of decimation of 26 native species. 


Of particular interest to mammalogists are the section n grizzly bear, bighor 
land cariban sea otter, rare fur bearé rs, manatee wolf I nountain li M I 
which has been decimated by the ruthlessness of man nearly to th point F extinct 
Other species treated are California Condor, Nen¢ Hawaiian Goose Trumpet Ne) I 
Pinnated Grouse, Hudsonian Godwit, Snail Bird (Everglade Kite), Florida Cra Rose 
Spoonbill, Whooper (Whooping Crane Swallow-tailed Kite, White Hawk, Ivory-bill 


*s Whitefish, Atlantic Salmon, Lobster 





Woodpecker, Puerto Rican Parrot, Great La 
Green Turtle, and American Crocodil 
Each one of the threatened species can be perpetuaté 1 in some measure by proper n 


agement The U.S Forest pervice, the U.S. Fish and Wildlife S« rvice, and several State 


agencies have made a good beginning in this direction, but they cannot do the job alone 
Every American needs inspiration and encouragement to assist in the task Fading Trai 
will certainly enlist the backing of all those who read it 

The book is authentic, well written, and should appeal to every real American.—W. B 


Davis. 
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G ument Printing Offic $1.25 
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f exceptions, were taken by the author himself. ‘‘No movie trained animals or 
her high-pressure methods have been used to procure spectacular results. All of these 
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Dunn, L. ¢ Changes in the degree of dominance of factors affecting tail-length in the 
house mouse Amer. Nat., Lancaster, vol. 76, no. 767, pp. 552-569. November 


December, 1942 


East, Ben. Leather and meat and oil. Beaver, Winnipeg, outfit 270, no. 2, pp. 40-43, 
illus. September, 1939 Seals 

Eaton, T. H., Jr. Leaves out of a jungle. Chicago Nat., vol. 5, no. 3, pp. 47-52, illus 
October, 1942 Notes on three-toed sloth and photograph of prehensile taile 


porcupine at Barro Colorado Island, Panama Canal Zone 





Animal antiques. Frontiers, Philadelphia, vol.7,no.1, pp. 9-11, illus. October, 
1942 Sloths, armadillos, anteaters 

EpWARDs. OLIVER 7 Survey of winter deer range, Malheur National Forest, Oregor 
Jour. Wildlife Management, Menasha, vol. 6, no. 3, pp. 210-220, pls. 15-16. July, 
1942 

Ecorov, A. N On the importance of predatory birds in the epidemiology of plagu 
Rev. Microbiol., Epidémiol. & Parasito tev. Microbiol.), Saratov, vol. 12, 1 
2, pp. 133-134 1933 In Russian with English summary. 

Evper, WILLIAM H., and Lyte K. Sowts. Body weight and sex ratio of cottontail rabbits 
Jour. Wildlife Management, Menasha. vol. 6. no. 3. pp. 203-207 July, 1942 

Evron, CHartes. The natural control of rodent population Proc. 6th Pacific Sci. ( 
gress, vol. 5, pp. 199-114. 1942 
Voles, mice and lemming Problems in population dynamics. Oxford Uni 
Press, London, pp. 496, figs. 22. 1942 

END! Rogert K. Notes on astranded pigmy sperm wh: Kogia breviceps Notul 
Naturae, Philadelphia, no. 111, pp. 6, figs. 4. November 12, 1942 

ENGELS, WILLIAM | Vertebrate fauna of North Carolina coastal islands A sti 
dynamics of animal distributior I. Ocracoke Island Amer. Midland N 
Notre Dame, vol. 28, no. 2, pp. 273-304, figs. 1 September, 1942 

ErEKson, Witut1aAmM B. Color phase foxes Amer. Fur Breeder, Duluth, vol. 15, 1 
pp. 22, 24, 26, 28, illus. October, 1942 


ERHARD \LBER! Nachwe des Grossen Tummlers Turs 
fiir Mecklenburg Arch. Ver. Freunde Naturg. Mecklenburg, Rostock, n. I 


yps tursio sonnatterr 


ol. 12, pp. 59-60 1937 
EVAN ALLEN Roy. Meat \ story of the four-year trek of the Canadian Government 
reindeer herd Beaver, Winnipeg, outfit 264, no. 4, pp. 26-28, 64; outfit 265 


} 
? 


no. 1, pp. 24-27; no. 2, pp. 14-17, 64, illus. March, June, September, 1934 
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Evans, Francis Gaynor. The osteology and relationships of the elephant shrews (Macro- 


lididae gull. Amer. Mus. Nat. Hist., New 
125, figs. 16. October 7, 1942 








sc 


York, vol. 80, art. 4, pp. 85- 


FAL’KENSHTEIN, B. Yt New poisons for the control of rodents Preliminary notice 
Plant Protection, Leningrad, no. 18, p. 183. 1939. (In Russian. 


Experimental use of barium arsenate in vole control Plant Protection, Lenin- 


grad, no. 19, pp. 29-36. 1939. (In Russian with Engli 


Faw Don WayYn! The 
rostris Amer. Jour. Anat., Phil 


9 September 15, 1942 





h summary. 
amedullary bones of the Florida manatee (Trichechus lati- 





lphia, vol. 71, no. 2, pp. 271-309, fig. 1, pls. 


FEDERSPIEL, MatrHew. Winter care for nutria Amer. Fur Breeder, Duluth, vol. 15, 
no. 6, pp. 18, 20, figs.3. December, 1942 

W.S. Famine stalks the deer. Wisconsin Conserv. Bull., Madison, vol. 7, no. 9, 
pp. 8-10. September, 1942 


Rk, Frank J. Fossil human skull fragments of probable Pleistocene age from Aitape, 
New Guinea. Records South Australian Mus., Adelaide, vol. 6, no. 4, pp. 335- 


356, figs. 9, pls 


ls. 23-24. February 28, 1941 








I RMACHER, R., and O. Witrorp OusEeNn. Diseases affecting moose. Conservation 
Volunteer, St. Paul, vol. 5, no. 27, pp. 46-48 December, 1942 
B. K lhe mass increase of mouse-like rodents in Stalingrad Region in the 
1933 Rev. Microbi Epidémiol. et Parasitol Rev. Microbiol 
S ) ol. 13, no. 3, pp. 235-247, fig 3. 1934 In Russi with English 
Che influence of agriculture on the numbers of mouse-like rodents 
biological foundations of rodent contro Rev. Microbiol., Epidémiol. et i 
Rev. Microbiol Sarate 16, nos. 3-4, pp. 478-492. 1937 In 
Russia! 
W uM I Picturing wildlife in the natior parks. Nat. Parks Mag., Wash 
ington, D. C., 16, no. 71, pp. 17-21, illus. October-December, 1942 
Wo. I nd IRENE FINLE’ : squirrel. Outdoor America, Madison, 
7, no. 9, pp. 4-5 Septer 
HER, A. K. Clinton Hart Merriam Jour. Washington Acad. Sx vol. 
32, no. 10, pp. 318-320 Oct« 
HER, Lee WituiaMm. Live trapping Tex antelopes. Jour. Wildlife Management, 
Menasha, vol. 6, no. 3, pp. 231-236, pls. 17-20 July, 1942 
Frynn, T. Toomson, and J. P. H111 The later stages of cleavage and the formation of the 
primary germ-layers in the Monotrema Pre Zool. Soc. London, vol. 111 
ser. A, 1941, pts. 3-4, pp. 233-253. Februar 1942 
RicHarD H., Jr. Effect of exercise on rats fed a diet defici in potassiun Pro 
Soc. Exper. Biol. and Med., Utica, vol. 51, no. 1, pp. 71-72. October, 1942 
TER, ‘ I ( ytological criteria of mammalian endocrine activity Nature, London, 
vol. 150, no. 3801, pp 279-282 September 5, 1942 
FREEMAN, R. B Note on Rhadinopsylla isacanthus (Roeths Siphonapte ra Entomol- 
ogists’ Monthly Mag., London, vol. 78, pp. 139-140. June, 1942 Principal 
host is the bank vole Clethrionon glare is brittanicus 
MANN, HERBERT. The natural-history background of camouflage Smithsonian 


Inst. War Background Studies, Washington, D. C., no. 5, pp. 17, pls. 16. Decem- 
ber 11, 1942 


E. I \ new Pliocene antelope from Mexico witl 


remarks on some known 
ntilocaprids. Contrib. Paleontol., Carnegie Inst. Washington, Publ. 530, pp 
1-23, fig. 1 pls 2 May 1, 1941 New: Hexobelomeryz, H 
GABRIELSON, IRA N. Wildlife conser 
250, figs. 24, pls. 32 1941 


- Wildlife in New World economy Proc. 8th Amer. Sci 


D. ( vol. 5, pp. 263-271 1942 


wil 


vation. Macmillan Company, New York, pp. xv +4 


Congr., Washington, 
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GataMBos, Rosert. Cochlear potentials elicited from bats by supersonic sounds. Jour, 
Acoustical Soc. Amer., Lancaster, vol. 14, no. 1, pp. 41-49, figs. 12. July, 1942. 

—  —— The avoidance of obstacles by flying bats: Spallanzani’s ideas (1794) and later 
theories. Isis, Burlington, vol. 34, pt. 2, no. 94. Autumn, 1942. 

Gates, R. Rucetes. Chromosome numbers in mammals and man. Science, Lancaster, 
n. s., vol. 96, no. 2493, pp. 336-337. October 9, 1942 

Gavin, Ancus. Introducing a series of photographs of breathing-hole sealing by Vicomte 
Gontran de Poncins 3eaver, Winnipeg, outfit 270, no. 4, pp. 26-31, illus. 
March, 1940. 

Gazin, C. Lewis. The late Cenozoic vertebrate faunas from the San Pedro Valley, Ariz 
Proc. U. 8. Nat. Mus., Washington, D. C., vol. 92, no. 3155, pp. 475-518, figs. 
10-47, pls. 42-43. December 10, 1942. (New: Genus Bensonomys, type Eligmo- 
dontia arizonae Gidley; Sylvilagus ? bensonensis; Canis edwardii; Spilogale pedro- 
ensis; genus Nerterogeomys, type Geomys persimilis Hay. 

GerstL, B., B. Lustic, and A. R.Gotprars. The influence of sex on nutritional achromo- 
trichiain mice. Science, Lancaster, n.s., vol. 96, no. 2498, pp. 447-448. Novem- 
ber 13, 1942. 

Gitt, Atpert W. Rabid foxes reported in Georgia. Alabama Conservation, Mont- 
gomery, vol. 14, no. 5, p.6. November, 1942 

Gir6n, ALFreDO TSLLEz, and Oscar VALpEz OrneELAs. La presencia del virus tipo este 
de la encefalomielitis equina en la epizootia ocurrida en el Estado de Tamaulipas, 
Mexico, durante el afio de 1941. Revista Soc. Mexicana Hist. Nat., Mexico 
D. F., vol. 2, no. 4, pp. 251-259. December, 1941 

Goss, Frans C., and ArtHur H. Coox. Notes on nematodes from the lungs and frontal 


sinuses of New York fur-bearers. Jour. Parasitol., Lancaster, vol. 28, no. 6 


pp. 451-455, map 1. December, 1942 
GoopaLe, H. D. Further progress with artificial selection. Amer. Nat., Lancaster, vol 
t 


76, no. 766, pp. 515-519. September-October, 1942. (White markings on mice. 





Goopwin, Georce G. Eptesicus albigularis (Peters) from Honduras Amer. Mus. Novi 
tates, New York, no. 1199, pp. 2. October 9, 1942 

Goss, Leonarp J. How are the giant pandas? Animal Kingdom, New York, vol. 45, 
no. 5, pp. 120-122, illus. September-—October, 1942 

Green, Morton. A study of the Oligocene Leporidae in the Kansas University Museum 
of Vertebrate Paleontology. Trans. Kansas Acad. Sci., Topeka, vol. 45, pp. 
229-247, pls. 3. 1942. 

Grecory, P. W.,8. W. Mean, and W.M. Recan. A new type of recessive achondroplasia 


incattle. Jour. Heredity, Washington, D. C., vol. 33, no. 9, pp. 317-322, figs. 3-4 
September, 1942 

Grecory, Tappan. George Shiras III. [Obituary Outdoor America, Madison, vol 
7, no. 9, p. 5. September, 1942 
George Shiras, III [Obituary.] Chicago Nat., vol. 5, no. 3, p. 59. October, 


1942. 
Grecory, W. K. Henry Fairfield Osborn and the American Museum of Natural History 
Nature, London, vol 150, no. 3809, pp 513-515 October 31, 1942 


GRESHAM, Burt. Behold the beaver! Beaver, Winnipeg, outfit 270, no. 3, pp. 6-12 
illus. December, 1939. 
Grim, WILLIAM ( It is poor economy to take furs any time except when they are prime. 


South Dakota Conservation Digest, Pierre, vol. 9, no. 12, pp. 1, 14. December, 
1942 

Gromova, Vera. Fauna of the upper Paleolithic squatting place of Malta, near Irkutsk, 
Siberia. Comptes Rendus (Doklady) Acad. Sci. URSS, Moscou, n. s., vol. 33, 
no. 1, pp. 94-96. 1941. (Several species of mammals 


Gunn, R. M. C., R. N. Sanpers, and W. Grancer. Studies in fertility in sheep. 2. 


Seminal changes affecting fertility in rams. Commonwealth of Australia, 
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Council for Scientific and Industrial Research, Melbourne, Bull. no. 148, pp. 140, 
figs. 39, pls. 15. 1942 

Guyer, Micnaet F. Speaking of man. A biologist looks at man. Harper and Bros., 
New York and London, pp. 321. 1942. 


Haas, Purturps. Why it becomes necessary to properly manage deer herds in South 
Dakota. South Dakota Conservation Digest, Pierre, pp. 3, 14, illus. October, 
1942. 


Hapwen,8. The Eskimo dogs of the eastern Arctic. Beaver, Winnipeg, outfit 266, no. 1, 
pp. 33-36, 66, illus. June, 1935. (Includes table of measurements and weights.) 

Hacen, Vicror W. von. Natural history of termites. II. Their social organization. 
Sci. Monthly, Lancaster, vol. 55, no. 1 (whole no. 322), pp. 29-41, illus. July, 
1942. (Photos of anteatets: Tamandua, Myrmecophaga, and Cyclopes.) 

Hatnes, R. Wueeter. The evolution of epiphyses and of endochondral bone. Biol. 
Rev. Cambridge Philos. Soc., vol. 17, no. 4, pp. 267-292, figs. 10. October, 1942. 

Haux, Apa R., and Heten W. Kaan. Anatomical and physiological studies on the thyroid 
gland of the albino rat. Anat. Record, Philadelphia, vol. 84, no. 3, pp. 221-239, 
figs. 4. November 25, 1942. 

Hamerton, A. E. Report on the deaths occurring in the Society’s gardens during the 

years 1939-1940. Proc. Zool. Soc. London, vol. 111, ser. B, 1941, pts. 3-4, pp. 151- 
187. May, 1942 

Hamitton, G. Rostrevor. A seal on Chiswick Eyot. Jour. Soc. Preservation Fauna 
Empire, Hertford, n. s., pt, 45, p. 19. August, 1942 

Hamitton, W. J., Jr 3irth in the opossum family. Nat. Hist., New York, vol. 50, 
no. 4, pp. 188-190, illus. November, 1942 

Harpy, Eri tecords of Lancashire Cetacea. Nature, London, vol. 150, no. 3808, p. 492. 
October 24, 1942 

Harris, Norman D. Rowdy, a fox that lived in two worlds. Nat. Hist., New York, vol. 
50, no. 4, pp. 220-221, illus. November, 1942 


% 


HELLENDALL, Huco. Experimental transmission of Lymphogranuloma venereum virus 
through the placenta Proc. Soc. | xper Biol. and Med., Utica, vol. 41, no. a 
10-141 October, 1942 


PI 
Henpricks, Steruinec B., and Witu1am L. Hitu. The inorganic constitution of bone. 
Science, Lancaster, n. s., vol. 96, no. 2489, pp. 255-257, fig.1. September 11, 1942. 
Henson, Marcaret. The effect of roentgen irradiation of sperm upon the embryonic 
development of the albino rat (Mus norvegicus albinus). Jour. Exper. Zool., 
Philadelphia, vol. 91, no. 3, pp. 405-433, pls. 3. December 5, 1942. 


HipparD, CLtaupE W. The occurrence of Eucastor tortus Leidy in Phillips County, Kan- 


sas. Trans. Kansas Acad. Sci., Topeka, vol. 45, pp. 248-252, pl. 1. 1942. 
A new fossil ground squirrel Citellus (Pliocitellus) fricki from the Pliocene of 
Clark County, Kansas. Trans. Kansas Acad. Sci., Topeka, vol. 45, pp. 253-257, 
pls. 2. 1942. (New: Subgenus Pliocitellus; Citellus fricki 

Hicupy, Pavut R. The 1942 state beaver catch. Results of the 15-day March season. 
Conservation Volunteer, St. Paul, vol. 4, no. 24, pp. 13-17. September, 1942 
The 1942 deerseason. Deer population an acute problem. Conservation Volun- 


teer, St. Paul, vol. 5, no. 27, pp. 1-3. December, 1942. 

Hitt, Jonn Ertc. The pika harvesters. Nat. Hist., New York, vol. 50, no. 2, p. 75, illus. 
September, 1942. 
Air raid shelter. Nat. Hist., New York, vol. 50, no. 3, p. 158, illus. October, 
1942 Hoary marmot 
Old ageinmammals. Nat. Hist., New York, vol. 50, no. 4, p. 211, illus. Novem- 
ber, 1942 = 
Winter sleep. Nat. Hist., New York, vol. 50, no. 5, p. 247, illus. December, 
1942. (Hibernating mammals 
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A new race of silky pocket mouse (Perognathus) from the San Luis Valley, Colo- 


rado. Amer. Mus. Novitates, 


(New: Perognathus flavus sanluisi. 


Hoare, W. B. Sanctuary. 


Beaver, Winnipeg, outfit 


New York, no. 1212, p. 1. December 7, 1942 


270, no. 1, pp. 38-41, illus. June 


1939. (Musk-ox at Thelon Game Sanctuary 


Hock, Cuartes W. Structure of the 
Monthly, Lancaster, vol 


ber, 1942. 
HorrMEIsTEeR, DonaLp F 


December 31, 1942 


Ho.uanpb, GEORGE P 
HoLLINSHEAD, W. HENRY 


25, 1942 
HoONIGMANN, Hans 


don, vol. 111, ser. A, pts 


Michigan. Occas. Papers Mus. Zool. Univ. Michigan, Ann Arbor 


dept mber 15, 1942 


Hooton, Earnest ALBERT. Man’s poor relations. Doubleday 


New York, pp xl 


I 


Hourpe, Ricwarp N teindeer herd 


illus. March, 1937 


Canada 


Hrowitéxa, Ates. The adult scapula 
Jour. Phys Anthrop ‘ Philadel phi i, vol. 29 
ber 30, 1942 Human 


Huizinea, H 


Parasitol., Urbana, vol 
Hunter, Martrua Wricut, and P 


of the domestic rabbit 


117-449, fig. 1, pls. 4 


HuxXLBY . JULIAN The biologist looks at man 


141, 146, 148, 150, 152 


Hyman, Lispre Henrierra. Comparative 
( hicago, 2nd ed., pp. XX 
JAHN, CARI Failing to reproduce 
September, 1942 Diet in relation 


JANIKOWSKI, T. The wild horses of Poland. Nat 


68: 


JoHNSON, R. 5S. Extension of 


mammals Record 


figs. 10. February 28 


KAMMBERAAD, ApRIAN. The development 


Homotransplantation « 


wool fiber as revealed by the microscope. § 


New subspecies of kangaroo rats of the Dipodomy 
from Montana and Wyoming 


Dipodom ys ordii lerrosus, D.o 
HoGner, Dorotruy CuiiLps, and Nits HoGNer 
north of Mexico. Oxford Univ. 


On the occurrence of Reithrodontomys in Britis 
relet, Seattle, vol. 23, no. 2, p. 60 August 14, 1942 


4 comparative study of the glomus coccygeur 
body. Anat tecord, Philadelphia, vol 


tichards Island, at mouth of Mackenzi R 


Eimeria ante locaprae, a new coccidium from the Ameri 


November 16, 1942 


2. figs. 5 December 12 


range 
Jour. Bombay Nat. Hist 
Jounston, T. Harvey, and Parricia M 


is South 
Parasites from dugong, seals, 
f embryonic and adult gastro-intestir tra 


of the rat to the anterior chamber of the ey« 
vol. 91, no. 1, pp 45-63. fis 


ci 
6 (whole no. 327), pp. 527-531, figs. 7. Decem 
ys ordii group 
Proc. Biol. Soc. Washington, vol. 55, pp. 165-168 
priscus 
The animal book American mamma! 
Press, New York, pp. 223, illus. 1942 


h Columbia Mur 





m and the carotid 
1. 84, no. 1, pp. 1-16, pls. 2. September 


Studies on nutrition of mammals Part III Proc. Zool. Soc. Lor 
. 1-2, pp 1-35 September, 1941 
Hoorer, Emmer T. Geographic variation ir 


1 the eastern chipmun! 





Tamias striatus peninsula 


, Doran & Company, Ih 


1942. (Non-human primates 
Beaver, Winnipeg, outfit 267, no. 4, pp. 26-29 








1€ Llver 
Additional observations and measurements. . Al 
vol no. 3, pp. 363-415, figs. 6. Septer 
un antelop« lour 
2, pp. 167-168, illus. 1942 
Sawin. The effects of thyroidectomy on the s 
Jour. Anat., Philadelphia, v 71, no. 3, } 
Fortune, New York, v 26 6, pp. 138 
December, 1942 
vertebrate anatomy Uni Chicago Pre 
, figs. 136 1942 
Fur Breeder, Duluth, vol. 15, no. 3, pp. 20 
to reproduction in karakul ewes 
ire, London, vol. 150 3815, pp. 681 
marbled pole cat (Vorme ‘egusna G 
1. 43, no. 2, pp. 253-254 August, 1942 
Mawson. Nematodes from Australian urine 
ralian Mus., Adelaide, vol. 6, no. 4, pp. 429-434 


of the gastro-intestinal tract of the rat I] 
3 1a 


Jour. Exper. Zool., Philadelp! 


pri 


1, pls 2 October 5, 1942 
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Kester, Ciypre E., and Heten Dean Kinc. Multiple effects of coat color genes in the 
Norway rat, with special reference to temperament and domestication. Jour. 
Comp. Psychol., Baltimore, vol. 34, no. 4, pp. 241-250, figs.3. October, 1942. 

KenNEDY, Bess. The lady and the lions. McGraw-Hill Book Co., Inc., New York and 
London, pp. 221, illus. 1942. (Hunting pumas.) 

KrinprReED, JAMES E. A quantitative study of the hemopoietic organs of young adult albino 
rats. Amer. Jour. Anat., Philadelphia, vol. 71, no. 2, pp. 207-243. September 
15, 1942. 

Kinc, A. W. Breeds and strains in mink. Amer. Fur Breeder, Duluth, vol. 15, no. 4, p. 
20, illug. October, 1942. 

Kirpy, Percrvat R. Andrew Smith, M.D., founder of the first South African Museum. 
Ann. South African Mus., Edinburgh, vol. 36, pt. 1, pp. 1-26, pls. 1-5. Septem- 
ber, 1942. 

Kitrcutn, E. A. Marmota. The little sentinel of the high country. Privately printed, 
Port Angeles, Washington, pp. 20, illus. November 1, 1942. (Notes on the 
natural history of Marmota olympus. 

KornriGswaLp, G. H. R. von. The South African man-apes and Pithecanthropus. Con- 


trib. Paleontol., Carnegie Inst. Washington, Publ. 530, pp. 205-222, figs. 6, pls 
10. July 22, 1942 
“KWEE-ENNA.”’ White whale drive Beaver, Winnipeg, outfit 270, no. 4, pp. 23-25, illus 


March, 1940 
LaGLer, Karu F., and Burton T. Ostenson. Early spring food of the otter in Michigan 
Jour. Wildlife Management, Menasha, vol. 6, no. 3, pp. 244-254. July, 1942. 
LANDSBERG, J. WALTER. The blood picture of mature normal dogs. Anat. Record, Phila- 
delphia, vol. 84, no. 4, pp. 415-421 December 26, 1942 





Lanerorp, L. J. Veterans of the blackout Nature Mag., Washington, D. C., vol. 35, no 
409, illus. October, 1942 European badger.) 
Pocket gophers and ecological succession in the Wenas region of Wash- 
Murrelet, Seattle, vol 23, no 2, pp 34- 41. figs } August 14, 1942. 
Lasnitzk1, A., and D. L. WoopHovuse. Formation of haemolymph nodes in rats treated 


with 1:2:5:6-dibenzanthracene. Nature, London, vol. 150, no. 3814, p. 660, illus 
December 5, 1942. 
Lazarow, ARNOLD. Particulate glycogen: a submicroscopic component of the guinea 


pig liver cell; its significance in glycogen storage and the regulation of blood 
sugar. Anat. Record, Philadelphia, vol. 84, no. 1, pp. 31-50. September 25, 
1942 

LEIGHTON, DoROTHEA ( Walrus—the many-purpose animal of the Arctic. Nature Mag., 


Washington, D. C., vol. 35, no. 9, pp. 477-479, illus. November, 1942 
1J. F. Terxerra pe Freitas. Contribuicéo ao conhecimento dos filari- 
J 


asipodideos. Rev. Brasileira Biol., Rio de Janeiro, vol. 2, no. 3, pp. 

275-280, figs. 15. September 1942 

Ley, WILLY Monuments to the past Fauna, Philadelphia, vol. 4, no 3, pp 66-71, illus 
September, 1942. (Restoration of fossil species 

Locke, Artuur, R. B. Locxe, A. P. McItroy, and L. Cuune. A technic for appraising 
ability to resist gravitation il shock in the rabbit. Proc. Soc Exper Biol. and 
Med., Utica, vol. 51, no. 1, p 


p. 184-187, fig. 1 October, 1942. 
Loneuurst, Wirtt1aM M. The summer food of burrowing owls in Costilla County, Colo- 
rado. Condor, Berkeley, vol. 44, no. 6, pp. 281-282. November 20, 1942. (In- 
cludes nine genera of small mammals 


Lopez-Neyra, CarLtos Ropricuez. Revision del genero Hymenolepis Weinland. III. 
Rev. Iberica Parasitologia, Madrid, vol. 2, nos. 2-3, pp. 213-256, pls. 5-7. April- 
July, 1942. (Hosts include 43 genera of mammals.) 

Lyon, Marcus Warp, Jr. The Kankakee area—its past and present. Chicago Nat., vol. 
5, no. 3, pp 43—46, illus October, 1942. 
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Lyon, Rosert. Lactogenic hormone prolongs the time during which deciduomata may be 
induced in lactating rats. Proc. Soc. Exper. Biol. and Med., Utica, vol. 51, no. 1 
pp. 156-157. October, 1942. 

MacGrecor, Artuur E. Late fall and winter food of foxes in central Massachusetts 
Jour. Wildlife Management, Menasha, vol. 6, no. 3, pp. 221-224. July, 1942 

MacMiiian, Witiiam. Hares and rabbits. Canadian Nature, Toronto, 
pp. 160-161, illus. November-December, 1942. 

MArKLEY, MERLE H., and Cuarues F. Bassetr. Habits of captive marten. Amer. Mid 
land Nat., Notre Dame, vol. 28, no. 3, pp. 604-616. November, 1942. 

MARSHALL, WiLL1AM H., and Ropert K. Enpers. The blastocyst of the marten (Martes 
Anat. Record, Philadelphia, vol. 84, no. 3, pp. 307-310, figs. 2. November 2 


’ : 
vol. 4, no. 5, 


2. 25, 
1942. 

Marx, Lori Partial masculinization of the ovary in rats treated with testosterone 
propionate. Jour. Exper. Zool., Philadelphia, vol. 91, no. 3, pp. 365-371, pl. 1 
December 5, 1942 

Mast, 8. O. The use of generic names as common nouns. Science, Lancaster, n. s ol 


96, no. 2489, p. 252. September 11, 1942 

Martruews, L. Harrison. Reproduction in the Scottish wild cat, Felis silvestri 
Miller. Proc. Zool. Soc. London, vol. 111, ser. B, 1941, pts. 1-2, pp. 59-77, fig. 1 
pls 3. October, 1941 


Notes on the’ genitalia and reproduction of some African bats. Proc. Zool 
Soc. London, vol. 111, ser. B, 1941, pts. 3-4, pp. 289-346, figs. 20, pls. 9. May 
1942 

Maurice, E.B. Nanook the hunter. Beaver, Winnipeg, outfit 271, pp. 42-45, illus. De 
cember, 1940 Polar bears 

Miaurice], H.G A ‘‘vermin”’ record. Jour. Soc. Preservation Fauna Empire, Hertford 
n. s., pt. 45, pp. 17-18 August, 1942 Comments on ‘‘Game birds and wild 


fowl—their friends and their foes,’’ by A. E. Knox, published in London in 1850 
May, B. M. Walrus hunt Seaver, Winnipeg, outfit 27 


73, pp. 38-40, illus. September 
1942 


Mayr, Ernst. Systematics and the origin of 


species from the viewpoint f a zoologist 

Columbia Univ. Press, New York, Columbia Biol. Ser., no. 13, pp 334, figs 
29. 1942 

McAtgr, W. L. The cause of domestication. Science, Lancaster, n. s 1. 96, no. 2488 
p. 231 September 4, 1942 
Dr. Case y Albert Wood {( bituary Auk, Lancaster, vol. 59 1, ». 611-612 
October 10, 1942 

McCowan, Dan \ naturalist in Canada. Macmillan Co., Toronto, pp 84, illus 
1941 Chapters on pronghorn antelope, mole, wood rat, bats 

McCracken, HARoLp The last of the sea otters Frederick A. Stokes , Philadelphia 
and New York, pp. 99, illus. 1942 

McLe.uan, Mavis. The Syrian hamster. Nature Mag., Washington, D. C., vol. 35, no 
10, pp. 541-542, illus. December, 1942 

McPuatn, M. K., and H. C. Reap. The mouse adrenal. I. Development, degeneratio1 


and re generation of the x-zone Anat. Record, Phil delphi 7 


1. 84, no. 1, pp 
51-73, pls 3 September 25, 1942 


The mouse adrenal II. The action of certain hormonal substances on the 

adrenal glan 1 of the mouse with particular reference to their action on the x-zone 
Anat. Record, Philadelphia, vol. 84, no. 1, pp. 75-89, pls 2 September 25, 1942 

Mip.Lo, CHaries, and Harotp Cummins. Palmar and plantar dermatoglyphics in pri 
mates. Wistar Inst. Anat. and Biol., Amer. Anat. Memoirs, Philadelphia, 
no. 2 pp 198, figs. 602 October, 1942 

Mi.Lier, Gerrit §8.,Jr. Zoological results of the George Vanderbilt Sumatran expedition, 

1936-1939. Part V.—Mammals collected by Frederick A. Ulmer, Jr. on Sumatra 
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and Nias. Proc. Acad. Nat. Sci. Philadelphia, vol. 94, pp. 107-165, pls. 3-6. 
November 13, 1942. (New: Presbylis thomasi nubilus, Hylobates albimanus 
vestitus, Callosciurus nigrovittatus acraeus, C. albiculus, Rattus blangorum, R. 
atchinus.) 

Mour, Cartes E. Underground—with a bat-bander. Frontiers, Lancasier, vol. 7, 
no. 2, pp. 48-51, illus. December, 1942. 

Moore, Georce C. Squirrels just gotta get food. That tells the story of their 1939 mass 
migration from Bankhead Forest. Alabama Conservation, Montgomery, vol. 
14, no. 5, pp. 7, 15. November, 1942. 

Moore, Larry. The new types ofmink. Amer. Fur Breeder, Duluth, vol. 15, no. 4, pp. 8, 
10,13, illus. October, 1942. 

Morse, Ricwarp. The open book of wild life. An introduction to nature study. Adam & 
Charles Black, London, pp. 240, 15 col. pls., 50 half-tone photographs, many text 
figs. 1941. (Chapter 13, pp. 121-143, treats mammals, mainly British.) 

Moss, A. E. Income possibilities from a small artificial pond in eastern Connecticut. 
Jour. Wildlife Management, Menasha, vol. 6, no. 2, pp. 141-146. April, 1942. 

MrAzeEK, Rupoupn, CLARENCE R. Novak, and C. I. Regep. Comparative toxicity of three 
forms of vitamin D foralbino rats. Proc. Soc. Exper. Biol. and Med., Utica, vol. 
51, no. 1, pp. 49-50, fig. 1. October, 1942 

Naumov,S. P. [Winter food habits of the white hare (Lepus timidus Lin.).] Zool. Zhurn. 
(Zool. Jour. USSR), Moscou, vol. 18, pp. 1055-1062. 1939. (In Russian with 
English summary 

NeLseNn, Ourn E., and Exrizaspets Lioyp Wait! A method for inducing ovulation in the 
anoestrous opossum (Didelphys virginiana). Anat. Record, Philadelphia, vol. 
81, no. 4 and suppl , pp 529-535 December, 1941 

Nerrinc, M. Grauam. Prehuman isolatienists. Fauna, Philadelphia, vol. 4, no. 4, pp. 
98-102, illus. December, 1942 Australasian fauna 

Nuts, Grace Le Robert Kennicott, Minnesota naturalist. Conservation Volunteer, 
St. Paul, vol. 5, no. 25, pp..18-23. October, 1942. 

Nurtinc, M-D. Fettows. A case of extrauterine pregnancy in the rabbit. Anat. Record, 
Philadelphia, vol. 84, no. 2, pp. 215-219, fig. 1. October 26, 1942. 

O[rr], P[art] C. The Ojai expedition. Santa Barbara Mus. Nat. Hist., Mus. Leaflet, vol. 
17, no. 7, pp. 79-82. October, 1942. (Skeleton of dog from Indian village site.) 

Orsin1, DemostHenges, H. A. Warsman, and C. A. Etvensem. Effect of vitamin defi 
ciencies on basal metabolism and respiratory quotient in rats. Proc. Soc. Exper. 
Biol. and Med., Utica, vol. 51, no. 1, pp. 99-102. October, 1942. 

Parmer, T.S. Walter Willis Granger. [Obituary.] Auk, Lancaster, vol. 59, no. 1, p. 140. 
January 10, 1942. 

Park, Barry C. The yield and persistence of wildlife food plants. Jour. Wildlife Man 
agement, Menasha, vol. 6, no. 2, pp. 118-121 April, 1942. 

Parratr, Luoyp P. A wildlife pageant. Yosemite Nat. Notes, Yosemite, vol. 21, no. 8, 
p. 72. August, 1942. (Chipmunks 

PATTERSON, BRYAN. Barylambda, one of the earliest large mammals, added to paleonto- 
logical hall. Field Mus. News, Chicago, vol. 13, no. 11, pp. 3-4, illus. Novem- 
ber, 1942. 

Pearce, Joun, and Periey Spauupine. Plant pathclogy in relation to northeastern forest 
wildlife cover. Jour. Wildlife Management, Menasha, vol. 6, no. 3, pp. 194-202, 
pl. 14. July, 1942. 

Pert, Jonn E. Moose and ticks. Conservation Volunteer, St. Paul, vol. 5, no. 26, p. 19. 
November, 1942. (Moose killed by tick infestation.) 

Perepetsky, A. A. Uber die Mechanismen der Entwicklung der Hautderivate bei Wir 
beltieren. Comptes Rendus (Doklady) Acad. Sci. URSS, Moscou, n. s., vol. 32, 
no. 3, pp. 223-226. 1941. 
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Perripves, Georce A. Relation of hedgerows in winter to wildlife in central New York. 
Jour. Wildlife Management, Menasha, vol. 6, no. 4, pp. 261-280, pls. 21-22. Octo- 
ber, 1942. 

Preirrer, CARROLL A., and CHartes W.Hooxer. Early and late effects of daily treatment 
with pregnant mare serum upon the ovary of mice of the Astrain. Anat. Record, 
Philadelphia, voi. 84, no. 4, pp. 311-329, pls. 3. December 26, 1942 

Piracce, Dorotuy Wetts. Normal development and experimental treatment of the 
opossum mammary gland primordium. Proc. Soc. Exper. Biol. and Med 
Utica, vol. 51, no. 2, pp. 219-220, fig. 1. November, 1942 

Piorz, Harry, ReGinatp ReaGcan, and Howarp L. Hamittron. Transmission of the 
murine strain of poliomyelitis to the Syrian hamster. Proc. Soc. Exper. | 
and Med., Utica, vol. 51, no. 1, pp 124-126. October. 1942 

PoLpERBOER, Emmett B. Artificial aids in producing a farm fur crop. Jour. Wildlift 
Management, Menasha, vol. 6, no. 3, pp. 208-209. July, 1942 

Pou, M Les cercopithéques du groupe talapoin. Description d’une sous-espéce nouvell 


découverte au Congo Belge. Rev. Zool. & Bot. Africaine, Brussels, vol. 33, no 
2, pp. 126-135. February 15, 1940 New: Cercopithecus talapoin vleeschouwer 
Potitock, WILLIAM F Histochemical studies of the interstitial cells of the testis Anat 


Record, Philadelphia, vol. 84, no. 1, pp. 23-29, pl. 1. September 25, 1942 
Porova, N. V. Uber die Hiimatopoese bei normalen und splenektomierten Kanincl 


unter dem Einfluss von aniimischem Serum. Comptes Rendus (Doklady) Acad 


er 





Sci. URSS, Moscou, n. s., vol. 32, no. 1, pp. 99-101. 1941 

PoweE.., Ross C., Jr., and J. C. SHaw The non-utilization of lactic acid by the lactating 
mammary gland. Science, Lancaster, n. s., vol. 96, no. 2496, p. 403. October 
30, 1942 

P{raTerR],S.H. The mammals of India. [Review of] The fauna of British India, including 
Ceylon and Burma. Mammalia, vol. 2, by R. I. Pocock. Jour. Bombay Nat 
Hist. Soc., vol. 43, no. 2, pp. 246-249. August, 1942 


PrupHomME, Bos W. Survival of the fittest. Yosemite Nat. Notes, Yosemite, vol. 2 
no. 9, p. 76. September, 1942. (Porcupin« 

RALI Yr M Some methods of ecological census for rodents Problems Ecol. & 
Biocenol., vol. 3, pp. 140-157, fig. 1 1936 In Russian with English summary 

Ransom, Wesster H. Early spring records for ground squirrels in Washington. Murre 
let, Seattle, vol. 23, no. 2, p. 62. August 14, 1942 

Ranson, R.M. Pre-natal and infant mortality in a laboratory population of voles (Micr 
tus agresti Proc. Zool. Soc. London, vol. 111, ser. A, pts. 1-2, pp. 45-57, fig. 1 
September, 1941 

Ratcuirre, Hersert L. Autopsy of a male pigmy sperm whale (Kogia breviceps Not 
lae Naturae, Philadelphia, no. 112, pp. 4. November 12, 1942 

Raven, Henry ‘ On the structure of Mesoplodon densirostris, a rare beaked whale. Bul 


Amer. Mus. Nat. Hist., New York, vol. 80, art. 2, pp. 23-50, figs. 1-26. Septen 
ber 1, 1942 


Unique mammals of Australia. Fauna, Philadelphia, vol. 4, no. 4, pp. 104-108 
illus. December, 1942 
pome morphologic il adaptations ot cetaceans whales and porpoises for life 
the water. Trans. New York Acad. S$ ser. 2, v 5, no. 2, pp. 23-29. Decer 
ber, 1942 

Ray, (Mrs.) Georce R. The mad wolf at Fort Churchi Beaver, Winnipeg, outfit 271, 
no. 2, p. 30, illus September 1940 

RAYMOND, MARGARET THOMSEN, and Cart O. Mont Prairie dog tow! Dodd, Mead & 


Co., New York, pp. 56, illus. 1942 


Reese, ALBERT M Outlines of economic zoology Blakiston Co., Philadelphia {th ed 


pp. xi + 359, figs. 191 1942 Approximately one-fourth of the book, pp. 238 
327, is devoted to mammals; bibliography contains about 80 references to eco 


nomic mammalogy 
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Ry Tt vithin the genus Tamandua 
ser. A, 1941, pts. 3-4 pp 
Ry skull. Nature, London 
| Progre Chronicles of 
| September 1942 
| | ( oming Wild Life, Cheyenne, 
t nT k. 1939-1940 Canadian 
September, 1942 
gations in the San Jon dis 
|., Washington, D. ¢ ) 
October 12, 1942 List of 
mmals on pp. 4-5; othe ttered reference 
| }. Speep, THropore H. HuBBELL, and C. Francis BYErF Man and the biological 
orld. McGraw-Hill B Com} Inc., New York, pp 607, figs. 18% 
942 
I I EN ERN Uebs I I ivn l t Vor we II Sa in hre Be 
eutung fi d Spern genes¢ 5 Ber. Gesell ng ges ten 
Naturwissensch. Marburg, Jahrg. 1939 1. 74, pp. 1 1940 
| : Roserrt | An ultra-r ler , War N Rochester 
16. 1 , pr if}—4 Decemt 1942 
} M ) E} Pir ¢ i pol t J . Prese tion | I Empire 
I He ~ t 15. pr 1-17 A G49 
SA) I N, ARI \ gonadotrofir érica t I organos 
genit le la perra Re S Arg Biol., Buenos Air 18, 1 3 
pp. 2¢ 264, fig. 1 Jur 1942 
Sar ; RL. peEC.H Che os epipyr ep etr AY Recor Philadel 
phi 84.1 Dp 7-22, figs. 2 September 25, 1942 
s WiILBERT NATHA Master | | ! vor] Our D b Animals 
Bos n x 75.1 10. p. 185 a) hye 194 Beaver 
S rR, Vi RB \ list of the marine ummal the west coa North Amer 
Murre Seattle, vol. 23, no. 2, pp. 42-47. August, 1942 
Ver Saile Obituar Murr Seattl ol. 23,1 2, p. 63 \ 
gust 14, 1942 
S kK, Huperr ¢ nd A. Myra Kei Rer 1g primary homony! ter gene! 
reallocation Jour. Pal te Menasl 16, no. 6, pp. 779-780. Novem 
ber. 1942 
} ScHMII pa G Mitotic proliferation in the ovary of the normal! mature guinea pig treate 
with colchicine Amer. Jour. Anat *hiladelphi ol. 71, no. 2, pp. 245-270, figs 
; September 15, 1942 
ScH Apo.LreH H Conditions for balancing the d in primates Amer. Jour. Phys 
Anthrop., Philadelphia, vol. 29, 1 1, pp. 483-497, figs. 3. December 30, 1942 
Ss rr.S.A. Measuring the intensity of the struggle for existence and the degree of 
idaptability of animals Comptes Rendus (Doklady) Acad. Sci. URSS Mose 
j Vv" 32, n §. pp. 219-22 4] 
SHARS) HELEN K The California badger at wor Yosemite Nat. Not Yosemite y 
| 7 91.1 12, pp. 103-104 December, 1942 
Ss now, W. N Die endgiiltigen fort ldenden Prozesse im gebiet des Foramen oval 
| ae Herzens aer Frucht ne aer nonere! paugetiere! nd bell Menscher 
| Comptes Rendus (Doklady) Acad. 5 URSS, Moscou, 1 |. 33,1 pp 
&O-93 194] 
SHELFORD, V. | Biological control of roder nd predators. lontl Lancaster 
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SHortripce,G.C. Field notes on the first and second expeditions of the Cape Museum’s 
mammal survey of the Cape Province; and descriptions of some new subgenera 
and subspecies. Ann. South African Mus., Edinburgh, vol. 36, pt. 1, pp. 27-100, 
pls. 6-7. September, 1942. (New: Eptesicus megalurus pallidior; subgenus 
Gerbillurus, type Gerbillus vallinus; Papio comatus ruacana; subgenus M yomyscu 
type Myomys verrozii.) 


Stmpson, C. C. Across the Owen Stanley range. Victorian Nat., Melbourne, vol. 59, 
no. 6, pp. 98-104. October, 1942. (Brief notes on mammals.) 

Srtmpson, GeorGe Gaytorp. The first natural history museum in America. Science, 
Lancaster, n. s., vol. 96, no. 2490, pp. 261-263. September 18, 1942. 

Simpson, GeorGE GayLorp, and ANNE Rog. A standard frequency distribution method 
Amer. Mus. Novitates, New York, no. 1190, pp. 19. September 30, 1942 

SkinNER, Morris F. The fauna of Papago Springs Cave, Arizona, and a study of Stock- 
oceros; with three new antilocaprines from Nebraska and Arizona. Bull. Amer 
Mus. Nat. Hist., New York, vol. 80, art. 6, pp. 143-220, figs. 19. November 6 
1942. (New: Ursus americanus gentryi, Canis caneloensis, Taxidea taxus papago 
ensis, Bassariscus sonoitensis, Stockoceros onusrosagris nebrascensis, Hayocero 
barbouri, Capromeryz arizonensis, C. a. schultzi. 

SLevIN, JoserpH R. In the Australian bush. Nature Mag., Washington, D. C., vol. 35, 
no. 9, pp. 473-476, illus. November, 1942. (Kangaroo and koala. 

Smitu, D.J.W. Studies in the epidemiology of Q fever. 10. The transmission of Q fever 
by the tick Jzodes holocyclus (with notes on tick paralysis in bandicoots Aus 
tralian Jour. Exper. Biol. and Med. Sci., Adelaide, vol. 20, pt. 3, pp. 213-217 
September, 1942 

SMOKEY. GEORGI The bat South Dakota Conservation Digest, Pierre, vol. 9, no. 9, 
pp. 8,11. September, 1942 

Sorer, J. Dewsy. History, range, and home life of the northern bison. Ecologica 
Monogr., Durham, vol. 11, no. 4, pp. 347-412, figs. 19. October, 1941 

Squire, Lorene. Six pictures. Beaver Winnipeg, outfit 269, no. 1, pp. 34-39, illus. June 


} 


1938 Includes pictures of mountain sheep and bison 

STEARNS, CHARLES | A fossil marmot from New Mexico and its climatic significance 
Amer. Jour. Sci., New Haven, vol. 240, no. 12, pp. 867-878, figs. 3. December, 
1942. 


Strrton, R. A. Comments on the origin and generic status of Equus. Jour. Paleontol., 


Menasha, vol. 16, no. 5, pp. 627-637, figs. 25 September, 1942. 


STRA VittraAM L., Jr. Rudimentary digits in primates. Quart. Rev. Biol., Baltimor 
vol. 17, no. 3, pp. 228-243, figs. 11. September, 1942 

SrrRoGANov, S. | Insectivore mammals of the fauna of the USSR. Comptes Rendus 
(Doklady) Acad. Sci. URSS, Moscou, n. s., vol. 33, no. 3, pp. 270-272. 1941 
New: Genus Eoscalops, type Talpa longirostr Milne-Edwards; subgenus As 
oscalop: , type Talp 1 altaica Nikolsky: Parascaptor grar didens; Crocidura nanula 

SuMNeER, Francis B. Where does adaptation come in? Amer. Nat., Lancaster, vol. 76, 
no. 766, pp. 433-444. September-October, 1942 

SuRBER, Our wild dogs and cats. The wolves, foxes and lynxes. Conservation 


| 

Volunteer, St. Paul, vol. 4, no. 24, pp. 44-47. September, 1942 

Tate, G. H. H Results of the Archbold Expeditions No. 47 teview of the vesper 
tilionine bats, with special attention to genera and species of the Archbold collec- 
tions 3ull. Amer. Mus. Nat. Hist., New York, vol. 80, art. 7, pp. 221-297 
November 27, 1942 (New: Pipistrellus anthony 
An apparently undescribed member of the Pteropus pselaphon group from New 
Caledonia Amer. Mus. Novitates, New York, no. 1213, pp. 2. December 8, 
1942 New: Pteropus macmillan 

— Results of the Archbold Expeditions No. 48. Pteropodidae (Chiroptera 
of the Archbold collections Bull. Amer. Mus. Nat. Hist., New York, vol. 80, 
art. 9, pp. 331-347. December 31, 1942 
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TeaLe, Epwin Way. Byways to adventure A guide to nature hobbies. Dodd, Mead & 
Co., New York, pp. x + 222, illus. 1942. (Chapter 12 refers to mammals; 
chapter 17 contains a list of natural history museums in the United States 

TetLtey, H. On the Scottish wild cat Proc. Zool. Soc. London, vol. 111, ser. B, pts. 1-2, 
pp. 13-23. October, 1941 
On the Scottish fox Proc. Zool. So London, vol. 111, ser B, pts 1-2, pp 25-35, 
fig. 1. October, 1941 

‘HONE, FRANK ‘“Now I lay me.’”’ Science News Letter, Washington, D. C., vol. 42, no 
17, p. 269. October 24, 1942. (Hibernation 
Airplane roundups. Science News Letter, Washington, D. C., vol. 42, no. 22, p. 
348. November 28, 1942 Rounding up pronghorn antelopes by airplane in 
ade 


Titus, Haroutp. When deer hunters disagre¢ Field and Stream, New York, vol. 47, 


no. 8, pp. 24-25, 68-69, illus December. 1942 


RAVASSOS, LAURO Novo Dicrocoeliidac parasito de carnivoros: ‘‘ Pseudathesmia para 


doxa’’ n. g., n. sp., com uma nota sdbre o género ‘‘ Athesmia”’ Looss, 1899 Rev 
Brasileira Biol., Ric de Janeiro, vol. 2, no. 3, pp. 349-351, fig. 1 September 
1942 Parasite of Cerdocyon tho 

Utmer, Freperick A., Jr. Mammalian paradoxe Fauna, Philadelphia, vol. 4, no. 4, 


December, 1942 Monotremes 
ham 


8806. p. 432 October 10. 1942 


p 


ster as a test animal for tubercular infection Nature, London 








| 2 

VANI ioor, V.1 \ ll of Bison ] rom the Pl ene of northern California 
Univ. California Publ., Bull. Dept. Ge si Berkeley, vol. 27, no. 1, pp. 1-24, 
figs. 5, pls. 2. November 20, 1942 

Van I nN and VAN INGEN \ pair of hunting cheetal Jour. Bengal Nat. Hist. Soc., 
Darjeeling, vol. 17, no. 2, pp. 75-76, illus. October, 1942 

V ASQUI DE ESPINOSA NTONIO. Compendium and description of the West Indies 
Translated by Charles Upson Clarl Smithsonian Misc. Coll., Washington, 
D. ¢ vol. 102, pp. x: 862. September 1, 1942 Translation of manuscript 
written in 1628 or 1629: contains scattered references to mammals 

\ FERTZ, A Tularaemi Rev. Microbiol., Epidémiol. & Parasitol. (Rev. Microbiol 
Sar v, vol. 14, pp. 183-197 1935 In Russian 

WAGNEI EpwARD D \ new locality recor or tt Blue Mountain jumping mouse 
Murrelet, Seattle, vol. 23, no. 2, p. 60 August 14, 1942 

WALKER, ALEX The fringed bat in Oregor Murrelet, Seattle, vol. 23, no. 2, p.62. Au 
g $, 1942 

\ KER, Ernest P. Care of captive animal Anr tept. Smithsonian Inst., Washing 
on, D. C., 1941, pp. 305-366, pls. 12 1942 

WaRREN, Epwarp Royal! The mammals of Colorado, their habits and distribution 
Univ. Oklahoma Press, Norman, 2nd (revised) ed., pp. xvili + 330, pls. 49. 1942 

WeEIDENREICH, Franz. The brain and its réle in the phylogenetic transformation of the 
human skull. Trans. Amer. Philos. Soc., Philadelphia, n. s., vol. 31, pt. 5, pp 
321-442, figs. 56 August, 1941 Includes data on modifications of skulls of non 
human primates and of carnivores 

W J. ROBERT A diminutive skull from Peru Amer. Jour. Phys. Anthrop., Phila 
delphia, vol. 29, no. 3, pp. 425-427, pl. 1. September 30, 1942 Human 

Wt L. H.,H. B.S. Cooxe, and B.D. Matan. The associated fauna and culture of the 
Viakkraal thermal springs, O. F.5S rans. Roy. Soc. South Africa, Cape Town, 


vol. 29, pt. 3, pp. 203-2% 
Wueeter, J. F.G. Ona humpback whale taken at Bermuda. Proc. Zool. Soc. London 
vol. 111, ser B, pts.1-2, pp 37-38 October, 1941 


33, figs. 12. September, 1942 


Wuittincton, DoroTnry Clowns of the sea. Fauna, Philadelphia, vol. 4, no. 3, pp. 76 78, 


illu September, 1942. (Porpoises 
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Wrener, ALEXANDER S. The Rh factor and racial origins. Science, Lancaster, n. s 
96, no. 2496, pp. 407-408. October 30, 1942. 

Witurams, M. Y. Notes on the fauna of Bruce Peninsula, Manitoulin and adjacent islands 
Canadian Field-Nat., Ottawa, vol. 56, no. 6, pp. 92-93. September, 1942 
(Notes on 19 species of mammals.) 

Wiison, Cuirrorp. When is an elk not an elk? Beaver, Winnipeg, outfit 270, no 
36-37, illus. December, 1939. (Wapiti and moose 

Winc, Leonarp. Nutrition experiment with wild Microtus populations. Jour. Wildlife 
Management, Menasha, vol. 6, no. 2, pp. 182-183. April, 1942 

Wistock!, Georce B. The lungs of the Cetacea, with special reference to the barbor 


, vol, 


3, pp 


porpoise (Phocaena phocoena Linnaeus Anat. Record, Philadelphia, vol. 84, 
no. 2, pp. 117-123, figs. 2, pl. 1. October 26, 1942 
Studies on the growth of deer antlers. I. On the structure and histogenesis of 


the antlers of the Virginia deer (Odocoileus virginianus borealis) Amer. Jour 
Anat., Philadelphia, vol. 71, no. 3, pp. 371-415, figs. 1-la, pls. 5. November 16, 
1942 


Woop, H.S. Observations on leopard or panther and its shikar. Jour. Bengal Nat. Hist 
Soc., Darjeeling, vol. 17, no. 2, pp. 59-61. October, 1942 

Wricut, Epwarp, and Ltoyp W.Swirr. Migration census of mule deer in the White River 
region of northwestern Colorado Jour. Wildlife Management, Menasha, vol. 6 
no. 2, pp. 162-164 April, 1942 

Wricat, Puirie L A correlation between the spring molt and spring changes in the sexua 
cycle in the weasel. Jour. Exper. Zool., Philadelphia, vol. 91, no. 1, pp. 103-110, 
figs. 2 October 5, 1942 

Yr PES, Josf Tipos de distribucion en la zoogeografia argentina Rev. Argentina Zoo 
geogr., Buenos Aires, vol. 1, no. 1, pp. 39-58, figs. 3. May, 1941 (In Spanis! 
with summaries in French, English and German 

YouncG, STanitey P. The war on the wolf. Amer. Forests, Washington, D. C., vol. 48 
no. 11, pp. 492-495, 526; no. 12, pp. 552-555, 572-574, illus. November, Decer 
ber, 1942 

ZINSER, JUAN. Fauna silvestre de la Reptblica Mexicana. Proc. 8th Amer. Sci. Con 
Washington, D. C., vol. 5, pp. 275-278. 1942 


fe 


COMMENT AND NEWS 


LETTER TO THE EDITOR 





s 

In the issue for August 1942, Gordon Gunter has the following passage in his article 
the Bottle-nose Dolphin: ‘‘I have seen dolphins overtaken and run over by outboard motor 
boats that were making 22 miles an hour at the most the 50 mile an hour speed, for whic! 
they (the dolphins) are given credit by a popular magazine, is preposterous.”’ 

Without defending the estimate of the ‘‘ popular magazine’’ I would suggest that it wou 
be a grave error to assume that no member of the cetacea can travel faster than 22 m.p.! 
An observer on board a destroyer has informed me that he has seen dolphins (porpoises 
were ; uly named but as dolphins are known t » be the faster animals I have taken leave 
to substitute them in the description) zig-zagging in front of the ship when she was making 
32 knot This would indicate a speed for the dolphins in the region of 40 m.p.h 

Such a record does not stand by itself. Other observers on fast ships have recorded 
si r rrences. Perhaps the best of these is to be found in Prof. Luis Roule’s “‘ Fishes 





Their Ways of Life.’ Roule de scribes how he was an observer on a torpedo boat sent out 
to frighten some porpoises off a certain fishing ground in the Mediterranean 


Roule writes: ‘‘The torpedo boat was going at full speed and making about 30 knots 
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But despite this great speed, the porpoises outdistanced us easily. They turned under 
the bows and played all sorts of tricks about the ship without seeming the least perturbed.”’ 

Roule adds that when the boat opened fire the porpoises dived and did not appear again 
before the evening. The following night they came back to harry the fishermen’s catches. 
As soon, however, as a torpedo boat came in sight the animals recognized it, took to flight 
und appeared again only when the boat had gone FRANK W. Lane, Chipperfield, Evelyn 
Avenue, Ruislip, Middz., England. 


CHEESMAN TRANSFERS 


Mr. William H. Cheesman, charter member of A. S. M. has transferred to the Bureau of 


Plant Industry after twenty-nine years of service with the Fish and Wildlife Service 


DAVIS IN ARMY 


Dwight D. Davis, formerly associated with the Field Museum of Natural History is 
now Pvt. D. D. Davis, 13th General Hospital, Camp Robinson, Arkansas 


GENERAL COUNCIL ON ZOOLOGICAL NOMENCLATURI 


The unde rsigned zoologists resident in the | nited States of Ame rica. it t] e invit ution 


of the Committee on Nomenclature of the American Society of Mammalogists and with 
the cooperation of the ‘‘American Commission on Scientific Nomenclature” of the Ento- 
rical Society of America, do hereby associate themselve together as a society and 
certify as follows 
First: The name of the society shall be the General Council on Zoological Nomen 
clature 
Second: The objects of the Society shall be 
A) To act in an advisory capacity in all matters concerning zoological nomenclature 
during the World War and for such time thereafter as it may consider desirable 
B) To administer, amend, interpret, and maintain a code of nomenclature for the 
use of zoologists 
( To cooperate with societies maintaining committees on nomenclature, at least 
those represented in its own membership 
D) To retain within itself important powers of decision and legislation and of substi 
tutions and additions to its membership, but always subject to full hearings and 
the advice and counsel of one or more of the committees above mentioned 


| lo cooperate with zoologists practised in nomenclature who are residents of 


foreign countries when the war is ended or as soon thereafter as may be practicable 


G. F. Ferri REMINGTON KELLOGG 
WiLrrep H. Oscoop H. A. Prnssry 
James A. G. ReEHN Karu P. Scumip1 
GrorGE G. SIMPSON A. WETMORE 
Joun T. ZIMMER 
Merely on the face of it. the above may seem to be a self-constituted body of dubious 
possibilities and audacious constructior That this is not the case may be evident when 
its history and purposes are explained It is the outgrowth of numerous informal dis- 
i mong a large number of zoologists during the past few years and of formal action 


en by at least two national societies 

ven in years just prior to the war, the International Commission on Zoological Nomen- 
clature was relatively inactive and after hostilities began in Europe in 1939 it became 
pl lly nonfunctional. This created a situation in which all cooperative action was 


endangered and nearly a century’s hard earned progress in nomenclature was threatened. 





Indiv 1d ials and organizations beg in to discus specia code s for their s« parate groups only 
and in some cases took definite actior Recently a German (Poche) has promulgated a 


code of his own and in general at the moment every zoologist having @ nomenclatural 
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problem finds himself without appeal to any constituted authority. It was precisely to 
avoid this condition that codes and commissions were devised 

Discussion among zoologists unanimously recognized the emergency, but it was difficult 
to arrive at a basis for action which did not involve very great delay and longdrawn con- 
troversy. There were those who felt that the international idea could not be abandoned 
and others who advocated complete divorce from the Old World. The latter pointed to 
the success of the International Commission as being mainly due to the American C. W 
Stiles whose final conclusion (see Science, vol. 73, pp. 349-354, 1931) was that it was not 
further workable. Among those holding this opinion were several Europeans. 

As announced in Science (vol. 95, p. 598) the Entomological Society of America, pursuant 
to action taken at its meeting in December, 1941, formed an ‘‘American Commission on 
Scientific Nomenclature in Entomology”’ apparently with the object of proceeding inde 
pendently. Somewhat later at its annual meeting in April 1942 the American Society of 
Mammalogists instructed its standing committee on nomenclature ‘‘to act pro-tem in the 


present world crisis for the Committee [sic] on Nomenclature of the International Com- 


mission.’’ The Mammalogists’ committee felt that any committee restricted to a particular 
branch of zoology would be ineffective. Therefore, with the approval of the Society’s 
President and principal directors, this committee entered into correspondence with the 


entomologists proposing that the two committees, without further authorization, jointly 


sponsor! the selection of a small group of representative nomenclaturists to ‘‘take over 
at least for the time being. Full cooperation between the two committees proved impracti 
cal without great loss of time, so the Mammalogists’ committee, after receiving the approval 
of the majority of the entomologists, selected and organized the group as indicated above 
The membership of the Mammalogists’ committee which carried this out was as follows 
A. Cabrera, E. R. Hall, G. S. Miller, Jr., W. H. Osgood, T. S. Palmer, G. G. Simpson 
and G. H. Tate 
The ‘“Council”’ thus formed is frankly experimental and the method of its genesis is 
|, but those responsible for it have felt that any other method, especially in these 


unusual, b 
times when large general meetings are interdicted, would defeat itself in prolonged dis- 
cussion and fatal delay. Under restrictions which the Council has placed upon itself it 


is hoped that it may be a wholly representative and cooperative body. A brief set of by 
laws has been adopted in which important provisions are to the effect (1) that the active 
membership shall not exceed fifteen, (2) that additions and replacements shall be made 
only from candidates nominated by large associations of zoologists, and (3) that no im- 
portant action can be taken without first obtaining the opinion of at least two nomen 
committees of national societies and several individuals not members of the 


clatural 


Council. A judicial function is thus implied preceding any legislation 
It does not propose to supersede any existing special nomenclatural committees, but 
on the contrary it is designed to stimulate them to greater interest and more action. Its 


postwar status is problematical, but, at least as a temporary measure and an effort in a 
direction urgently needing attention, it is hoped that it may find support. At an early 
date it is proposed to increase the membership from nine to eleven in order to cover im 


portant branches of zoology which are not now well represented. 


) 


The by-laws giving details of proposed action will soon be available for distribution 
any intere sted zoologists who may apply for them WILFRED H 
Field Museum of Natural History, Chicago, Tllino 
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OBITUARY NOTICE 
| aceniasceleineimendaalll 
LEONHARD STEJNEGER 
1851-1943 


Dr. Leonhard Stejneger, honorary member of the American Society of Mammalogists, 
and head curator of biology at the U. 8. National Museum for more than 30 years, passed 
away, after a short illness, on February 28. 

3orn in Bergen, Norway, October 30, 1851, Dr. Stejneger received his formal training 
at Frederic’s University, Christiania, and came to the United States in 1881. He immedi- 
ately became associated with the U. S. National Museum and was appointed Assistant 
Curator of Birds in 1884, continuing in that capacity until 1889 when he became Curator of 
teptiles. In 1911, he was elevated to the position of Head Curator of Biology, but his main 
interest continued in the field of Herpetology. 

Dr. Stejneger did much to advance the scientific knowledge of amphibians and reptiles, 
living as he did in an ea of unusual opportunity. Associating with such men as Spencer 
Fullerton Baird, C. Hart Merriam, Robert Ridgway, Elliot Coues, Edward Drinker Cope, 
and others of that galaxy of naturalists assembled in or near Washington, D. C. in the last 
two decades of the nineteenth century, Stejneger doubtless received inspiration and en- 
couragement to carry forward his work in North American natural history. The knowledge 
of North American birds at that period was considerably advanced, but little progress had 
been made in Herpetology and Mammalogy. With Merriam and his staff energetically 
engaged in conducting biological surveys of North America, quantities of new scientific 
materials poured into the National Museum, providing unsurpassed opportunities for 
distributional and systematic studies of amphibians, reptiles, birds, and mammals. 
Stejneger made the best of his opportunities, reported upon the reptiles and amphibians 
1ccumulated in many of the earlier surveys, and soon became recognized as an authority in 


He accompanied some of the early expeditions of the “‘ Biological Survey”’ as herpetol- 
ogist, but his activities were not restricted to Herpetology alone. In 1895, he visited the 
Commander Islands at the invitation of the U. S. Fish Commission to study fur seals and 
subsequently he became a member of the Fur Seal Commission, contributing in large 
measure to the program now in effect to manage the fur seal herds of the North Pacific. 
He also was an accomplished ornithologist, a Fellow of the American Ornithologists Union, 
and author of several scientific papers on birds. 

In all, his life was full and fruitful and with the passing of Leonhard Stejneger, America 
lost one of its few all-round naturalists.—W. B. Davis 
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ity to recognize birds by their notes or by catching a glimpse of them in the field 
when he was only a boy. 

He married, on June 26, 1911, Sarah Moody Cushing, had a daughter Eliza- 
beth Cushing Allen, now Mrs. Arthur Gilman, both of whom survive him. 

Allen travelled widely. He knew the mountains, the fields, the dunes, and 
the meadows of New England as few ever knew them and while he never wrote 
anything of a popular nature concerning his travels, he often talked of them, 
relating his experiences in a most whimsical way and with a high degree of humor 
which was utterly charming, for he drew on a gigantic fund of power to quote 
from all sorts of literature to adorn his tales. 

In 1903, in company with Owen Bryant and myself, he went on a long cruise 
on a sponging schooner in the northern Bahamas which almost turned out to be 
something of a disaster, for the islands were visited by an epidemic of the most 
virulent dengue fever and a prolonged drought. Fresh water was usually caught 
by tricing up sails during the heavy tropical showers which were normally to be 
expected almost daily and to these troubles was coupled a cessation of the trade 
winds, so the vessel lay becalmed and the whole group even tried eating young 
cormorants, herons, and the like, garnered from rookeries in the coastal man- 
groves. Allen used to laugh about this as long as he lived. The number of 
interesting novelties turned up on this voyage was quite unexpected. 

In 1906 he went to Labrador with Dr. C. W. Townsend. In 1909 to East 
Africa with Doctor William Lord Smith and Gorham Brooks; and who can eve! 
forget the tale of his being helped climb a spiny Acacia by the antics of an angry 
rhinoceros close at his rear. In 1910, with Professor C. T. Brues, he visited the 
island of Grenada in the West Indies. Here again the booty was exceptionally 
rich, for Allen was not only a skillful and resourceful trapper but, as is so ofter 
the case with small, slight persons, he was absolutely tireless and with an ability 
to walk and carry a load which was a source of wonder on numberless occasions 
In 1912, he went back to Africa with Doctor John C. Phillips. This time, with 
a caravan, they travelled through the Eastern Sudan along the course of the 
Dinder River and the Blue Nile. One can hear Allen, now, mimicking th 
broken English of George, the Greek caravan leader, imploring Phillips to 
purchase great stores of objects of religious art, in Khartoum, of all places 
“Little Christs and small, cheap Virgins; these be very good if Abyssinian poach 
ers raid our camp.”’ 

After this journey he remained in Cambridge for many years, caring for the 
mammal collections in the Museum and writing prolifically until, in 1926, he 
went with Strong, George Shattuck, Bequaert, and Harold Coolidge to West 
Africa, where, in Liberia and the Belgian Congo, he collected with his usual 
skill and industry Having returned for a few years more of brilliani research 
and writing, he made an expedition to the Serra de Paranapiacaba in southern 
Brazil. Doctor Afranio do Amaral, the distinguished Brazilian naturalist, had 
been working in the Museum and suggested this area as being little known, and 
was able to provide many facilities in Brazil for which Allen reciprocated by 


giving some conferences while in Sao Paulo, quite in the Museum tradition, for 
| 
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Professor Louis Agassiz had done the same thing, bringing Harvard to Brazil 
in 1865. His last foreign journey was, I suspect, the most enjoyable of them all, 
for who could have asked for a greater privilege than going to Australia with 
William Morton Wheeler. 

Details concerning the positions that Allen held in the Boston Society of 
Natural History, the American Ornithologists Union, the American Society of 
Mammalogists and this University are set forth in the admirable notice of his 
life prepared by his old friend, Austin H. Clark, which appeared in Scrence for 
March 13, 1942 

Garman remarked many years ago that ‘‘Wyman was the Johannes Miiller 
of America.” In appearance and in intellectual qualities, Allen was astonish- 
ingly like his kinsman, Wyman. Indeed, during the last fev years, we have said 
repeatedly how strikingly Wyman-like Allen was growing. Like Wyman, his 
lack of interest in selling his wares in the scientific marketplace, his utter uncon- 
cern with praise or credit, his singleness of purpose and gentleness and purity 
of spirit were beyond all praise. Allen never wore his religion on his coat sleeve 
but was intelligent enough to derive deep satisfaction from being willing to 
deify a mystery and worship it according to the form prescribed by the Episcopal 
faith of his fathers 

When something over a year ago there was a celebration held in the Museum 

take note of the fact tha Allen had published three outstanding books in a 
single year, I made a few reminiscent remarks and recalled the fact that a line 
that surpassingly beautiful hymn, taken from the Liturgy of St. James, might 


be considered as a behest which Allen had obeyed all his life, ‘‘“Ponder 


ng earthly minded 
By BARBARA AWRENCI 
[t is not easy to write of Dr. Allen. Sitting in his office this dreary January 
a ith the fog so thick that one scarce can see the tower on Memorial Hall, 
I half expect tl hear him Say: You know, I often think I’d like to live in a 


desert;’? and I am reminded of his comment on the sunny, longer days after 


the turn of the year: “Well, it looks as if we might get through another winter.”’ 


g g 

nd the sense of his kindly presence stays in this place where he worked 
such long hours studying, questioning, finding out, never losing sight of the 
ct that it was living creatures he wished to know about, not just dried up 
His contributions to the subjects of mammalogy and ornithology have been 
discussed elsewher« His research was tremendously important to him and vet 
he neve lorgot that he was a Curator as well, and the work of making a rapidly 

expanding collection available to all who might need to use it was never neg 
lected. Feeling as he did that: ‘‘A foolish consistency is the hobgoblin of little 
minds... ,”’ he avoided all elaborate systems and with a minimum of carding 
nd listing kept the collections readily accessible. In his eyes, the material 

here not for him alone to study as he saw fit: it was in the museum to in 
( the sum total of knowledge about mammals. With this in mind, he was 
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ever ready to help those who wished to use it, whether eminent colleagues or 
undergraduate students; whether they wished advice and counsel and his wis« 
opinion or whether they merely wanted to look and see. The informality of the 
department under his aegis was delightful, anyone was free to come no matter 
for what purpose. How often I have seen him, interrupted at his work, marking 


4 


the margin of some manuscript and laying it aside to greet some questionning 
visitor with his friendly: ‘‘No you’re not disturbing me at all.” So the morning 
would pass, the guest would leave, and he would look at the clock: ‘““What, 


twelve o’clock already,” and when really pressed for time he would add solemnly, 


99) 


“For are there not forty-eight hours in the day’ 

For those who worked under him, he was unfailingly considerate, never im- 
patient, never faultfinding, never demanding, and yet time and again I have 
seen him with his judicious praise and gentle suggestion teach the clumsy-fingered 
to clean skulls almost as delicately and as well as he himself could. If, in addi- 
tion, he could interest his assistants in mammals he was more than pleased. 
Indeed, he was always at great pains to vary the tasks of the newcomers in the 
department so that they would not find the work tiresome and, instead of turning 

“ 


over to them the more tedious chores, he often did them himself, at the same 


time encouraging his 


; 


elpers to start research projects of their own. 


Perhaps the time thus spent would have finished his paper on New England 
mammals and yet one feels sure he felt that the continuity of the naturalist’s 
tradition of scholarly work was far more important than any single project he 


himself might complet: 


By Wiiuram E. ScHEvIti 


Although Dr. Allen, like most museum workers, spent by far the greater part 
of his time in indoor work, he much preferred the field. He enjoyed studying 
his animals in the museum collections and the library, but he never lost sight of 


their living existence in the wild, and most relished his scattered opportunities 


to study them there He used to observe ruefully that our actual knowledge 
of the living animal could in far too many cases be summed up: ‘‘When we 


found it, it ran like hell, whereupon we shot it.’ 


[ had the good fortune to be with Dr. Allen in Australia in 1931, when he and 


I shared several trips in the dry country [ think he liked desert and semi-desert 
above all other sorts of country. Dr. Allen was then 52 and allegedly in delicate 
health, but his endurance was greater and much quieter than most youngsters’ 
His desert camps were as informal as any bushman’s more so than most, for 
only the blackfellows had less camp gear than Dr. Alle1 Provisions were never 
much on his mind (even when among hotels and restaurants he was an ascetic 
eat hich was just as well, in view of the many inferior eating houses a back- 
blocks traveller has to cope with), for all he cared about was to eat just enough 


to operate on, and never mind the trimmings When we were on the Houtman 
\brolhos, the rains had failed and water was low; he cheerfully and quietly; 


worked for a fortnight on a ration of two cups ol water a day, including wha 


as used in cooking 
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He was no “sportsman,” and often went years without handling a gun, yet he 
was a competent wing shot. In our first few days on West Wallaby Island we 
had found the nesting ground of only the more abundant of the two shearwaters 
so numerous there. These (Puffinus pacificus) we collected easily by walking 


among them and picking them uj; 
| 


, but the other species (P. assimilis) we then 
knew only by its call and vaguely glimpsed silhouette as both kinds together flew 
over on their trips to and from the sea before dawn and after dusk Accordingly, 
Dr. Allen waited on the beach at dusk, and as the squalling cloud of birds passed 
over, he unerringly picked out the uncollected species. He had only the brief 
moment as they flew across the faint western afterglow, yet he brought down 
every bird he shot at and made no mistakes. Each one, as I retrieved it with 
the aid of an electric torch, proved to be assimilis,—which a few days later we 
collected more simply in its burrows. That this was not just his lucky day was 
clear from Dr. Allen’s consistently dependable shotgun work under all condi- 
tions. There is a tale, which I did not hear from him, of his shooting bats by 
firelight in Africa when he had one arm out of commission in a sling. 

Dr. Allen was always grateful for any help that came, but did not much seek 
it, and never let its absence turn him from his work. He did admit that finding 
himself all alone on a beach with a dead whale made him feel a bit snowed under. 
I remember him spending hours laboriously scraping the fat from the skins of 
the mutton birds and the blubbery little wallabies of the Abrolhos. Although 
he often prepared specimens that others had had the fun of catching, he cus- 
tomarily credited the material to the captor alone. 

It is ordinarily expected that companions quarrel and fall out under the rou- 
tine irritations of camping and cruising, but Dr. Allen did not bear this out. He 
accepted his disappointments without fuss or petulance, though not with any 
unnatural polyannishness. Sometimes he took refuge in one of his characteris- 
tic pat remarks or quotations. Once when a melancholy acquaintance had 
subjected him to an exhaustive inventory of his woes, Dr. Allen smiled cheerily 
at him and said mildly, ‘““Well, we none of us come out of it alive.” 

His alert and lively interest went far beyond his professional preoccupation 
with mammals and birds. He was a proper naturalist, and noticed all sorts of 
living things and their setting in the world. He had the happy quality of 
sharing this interest with his companions in a serenely pleasant and unpedantic 
way, with no faintest hint of the dusty lecture room. It is this quiet joy in the 
field that I remember most clearly of him 


By SHERwoop L. WASHBURN 


Many books and articles constitute a lasting memorial to Dr. Allen’s intellect 
and industry. Unfortunately, there is little in these scientific achievements 
that reflects the genial personality and kindness of their author. Everyone 
liked Dr. Allen. 

Dr. Allen was never too busy to help a student. Every year he used to ex- 
plain the differences between African and Indian elephants’ teeth to student 
after student, although this was all in the laboratory instructions. Anyone who 
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came into the mammal department got as much of Dr. Allen’s time as he wanted 
Sometimes at the close of the day Dr. Allen would remark, ‘Life is one long 
interruption.”’ 

Students who came for a reference often borrowed Dr. Allen’s books and re- 
prints He cheerfully loaned them year after year, although all too frequently 
they failed to return. 

No student could work about the mammal department for long without being 
influenced by Dr. Allen’s patience and attention to detail. The Peabody Mu- 
seum used to send over tray after tray of fragments of animal bones. Seeing 
Dr. Allen sorting and identifying these tiny pieces was a source of inspiration 
to the student who was having difficulty recognizing whole skulls in the lab- 
oratory 

Once while studying galagos, I noticed one that had been shot to pieces. 
Someone had sewn each little scrap back into place and made an excellent study 
skin. The collector’s tag showed that the man who had gone to all that trouble 
to save one specimen was G. M. Allen Later in Borneo when specimens wer 
brought into camp late and in bad condition, when I was tempted to let just 
one go, | remembers 1 that valago and did my best 


\ trip to the mammal department was always an adventure for the student. 


One never knew what to expect Dr. Allen might be doing anything from dra\ 
ing a tiny bat’s skull to macerating whale bones He might be reminiscing 
> | ] ] } 


about Africa or telling a man with a particularly foul bit of sewage sludge, “1 
m afraid that is not ambergris.”’ 

When classifications change, when new data supplant that which were avail- 
able to Dr. Allen, his students will still think of his kindliness, industry, and 
patience. Perhaps, we can pass on to our students some of his interest and 
devotion to study. Perhaps, his greatest contributions aren’t published but 


live on in the lives of his friends and students 


By Mary B. Cost 


Although Dr. Allen resigned as Librarian of the Boston Society of Natural 
History in 1928, he never lost his keen interest in the Library nor his concern 
ior its problems In all our endeavors we could rely on that s) mpathy as much 
as on his great fund of knowledg: 

His memory was phenomenal. “Dr. Allen, do you know whether anything 
has been published on this subject?” ‘Oh, yes, didn’t B write a good paper 


in the Zoological Society’s Proceedings about 1898? Ill find it for you.” It 


was hard not to impose on such generosit But there was never a hint that hi 
felt it an impositio1 The manner of conveying information, too, was a pleas 
ure to set Neve i Suggestion that you ought to know, nor vet that of cours 
you wouldn’t know Instead he implied somehow that you knew, but that 
had slipped your mind for the moment “Wi hat’s one of the (such-and 
such animals),—isn’t it? 

Praise wv iS apt to embarrass hin Che nearest I eve saw him come to out 
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spoken annoyance was when I read gleefully what Casey Wood said of his work 
ol Plesk s ‘Birds of the Eur sian Tundra , translated and edited by Dr. 
Glover M. Allen, altho 


oh, with characteristic modesty, he suppresses any 


When he came over to our Museum from Cambridge there were always que- 


es oon as his presence was known. Curator, Preparator, Director, visitors, 
brarians, would need him for something that no one else knew 
about But he never held court. When the questions were answered he would 
slip away und be found in a far corner of the stack, consulting the Bombay 
Journal, or refreshing his memory on what Gesner had said of a certain mammal. 


Looking back it seems almost humorous that the self-effacement of a lifetime 





should have failed to achieve its purpose; that a total lack of aggressiveness 
could have proved so dynamic. As Sir D’Arcy Thompson has said of another, 
he had “that singular and indescribable quality of characte which is never to 
be mistaken, never to be concealed, never to be sufficiently valued and admired.”’ 
One of the amazing things about Dr. Allen was the amount of work he accom- 


plished, and this without any dashing about or electrifying the atmosphere 


around him. His motto might have been, “Ohne Hast, ohne Rast’. There were 
no waste motions: one noticed this even in the rapid but clear writing with which 
he took down a reference He sighed sometimes over his tendency to set him- 
self enormous tasks, and hardly expected that he would live to see them accom- 
lishe Many of them he did, happily for him and for science His earnest 


ish, often expressed, that he might ‘‘do something for Africa” found fulfillment 
} 


in the great checklist of African mammals and his ‘‘Bats’’ have made many 


friends for one of his favorite creature In odd moments he made a complete 
Inde to the first fifteen volumes of this Society’s Proceedings, a sheer feat of 
Others will have told of his wide range of interests. It was my delight to 


ection of animals in ancient art Whether they were Persian, 


Chinese, Aztec or Egyptian, crude, conventionalized or fanciful, he could always 


hat creature was represented, and how important it was to that particular 
civilization The Chinese art, with its frequent use of bats, had a special in 
terest I him He would sketch rapidly the Five Bats of Happiness in a circle, 
and it himsical moment use this for his ‘‘mark’”’ on a card; though more often 


little bat would follow his signature 
It was pleasant to see the touches of humor that relieved his habitual gravity. 
Witl nat relish he would quote Topsell’s de scription ot the Su”’ 7 . and when 


she seeth the hunters come about her, she roareth, eryeth, howleth, brayeth, 


and uttereth such a fearfull, novysome, and terrible clamor, that the men which 
her, are not thereby a little amazed And this is all that I finde 
IS Most strang beast.’ \ line Irom the Bab Ballads” or trom 
; : : Sy ea 
one ol pling’s poems would fit some other occasion or person; but his humo 
— 
aii aly 


Whi leffries Wyman d in 1874, James Russell Lowell wrote a sonnet to 
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him, which is remarkably appropriate to Wyman’s younger cousin, Glover 


Allen. 


“The wisest man could ask no more of Fate 
Than to be simple, modest, manly, true, 


Safe from the Many, honored by the Few. 


To widen knowledge and escape the praise, 
Wisely to teach, because more wise to learn, 
To toil for Science, not to draw men’s gaze, 
But for her lore of self-denial stern; 

That such a man could spring from our decays 
Fans the soul’s noblest faith until it burn.” 


RELATIONSHIPS OF THE ORDERS OF MAMMALS 


By Wiiu1AM DILLER MATTHEW 


(Edited and Annotated by George Gaylord Simpson 


[It is doubtful whether any student ever achieved a more comprehensive and 
balanced knowledge of all the Mammalia, living and extinct, than the late W. 
D. Matthew. His ideas of the relationships of mammals are therefore worthy 
of attention and study, even after a lapse of years. He published broad dis- 
cussions of mammalian affinities within partic’. orders, such as the Artio- 
dactyla, or at particular times, such as the Paleocene, but he did not publish 
any concise, general statement of opinion as to the relationships of all orders 
throughout mammalian history. An unsigned and undated manuscript giving 
such a statement has recently been found. It is certainly by W. D. Matthew 
and internal evidence dates it as probably 1925 and surely within a year of that 
date. The manuscript consists of a sketched phylogenetic chart and of 27 
notes corresponding with numbers on the sketch. The chart has been redrawn, 
without any emendation, and it is here presented along with Matthew’s com- 
ments on it. Editorial notes are added in brackets, like this introduction, where 
there is reason to believe that Matthew modified his opinions before his death 
in 1930 or where subsequent discoveries have made a decisive change in the 
evidence. This is done in order not to mislead students in publishing a paper 
written about 17 years ago, but the editorial annotation is not critical and does 
not alter the fact that Matthew’s brief manuscript is valuable today and not 
only historically. All statements not in brackets are as Matthew wrote them.] 

1. Tritylodon is the only representative of the Multituberculata in the Lower 
Jurassic. It belongs to a quite distinct family from the Plagiaulacids and is 
not ancestral to them. The earlier history of the order is unknown. Earlier 
views on its affinities may be disregarded as they were based on a very small 
fraction of the anatomical data now available. Among recent authorities, 
3room, whose acquaintance with Tritylodon is especially intimate, regards the 
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order as nearest to Monotremes. Gidley, from a study of skull and part skele- 


ton of Ptilodus concluded that it was a Diprotodont Marsupial. Gregory re- 
ral Is the 


the order as related to the Marsupials but distinct enough to be of ordinal 
rank Matthew and Granger, with additional skeleton parts of Ptilodus, con- 


cluded that although closely parallel to Marsupials it was as distinct from them 
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Numbers on the chart refer to comments in the accompanying text 


as they are from placentals and should stand in a fourth subclass Allotheria 
separate from the Metatheria and Placentalia (Eutheria of Huxley), all three 
belonging in a group together (the Eutheria of Gill), however, as against the 
Prototheria (order Monotremata 

[Granger and Simpson later maintained that the Allotheria should be dis- 
tinguished from all other mammals, not placed with the marsupials and placen- 
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tals in a group contrasting with the Prototheria. Matthew accepted this modi- 
fication. He also later referred T'ritylodon to the late Triassic, as do most 
students, rather than the early Jurassic.] 

2. The Triassic mammals are so imperfectly known that it is scarcely worth 
while to attempt any more definite suggestion as to their affinities. Microlestes 
is known from a few teeth which have some suggestion of affinity to the Multi- 
tuberculates but may have no near relationship. Karoomys is based on a 
lower jaw fragment without teeth of which the best one can say is that it may 
be a Multituberculate. Dromatherium is based on a nearly complete jaw but 
it is an open question whether it (with Microconodon) belongs to a mammal or 
to a mammal-like reptile (Theriodont), in view of recent researches upon this 
latter group by Broom, Watson, Gregory, Haughton and others. 

[This discussion of Triassic mammals excludes Tritylodon, see above, and 
omits T'ritylodon-like teeth from the European Triassic. Simpson later main- 
tained that Karoomys, Dromatherium, and Microconodon are reptiles and this 
was accepted by Matthew.] 

3. The Stonesfield slates (Middle Jurassic) contain three diverse types of 
fossil mammals. Amphitherium has a typical trituberculate dentition, Phascolo- 
therium with phocoid teeth and Stereognathus, an upper jaw with teeth suggesting 
Tritylodon. ‘The last is possibly referable to the Tritylodontidae. Phascolo- 
therium perhaps to the Triconodonts, and Amphitherium may be a proto- 
placental; but all these affinities are speculative. No evidence of Plagiaulacids 
at this horizon. 

[On the so-called trituberculates see 26.] 

1. The Purbeck and Morrison mammals include Plagiaulax, Triconodon and 
a group of “trituberculates’” related to Amphitherium. The last may include 
both proto-marsupials and proto-placentals. 

[Matthew later accepted Simpson’s separation of a fourth order of mammals 
in the Jurassic, the Symmetrodonta.] 

5. The Belly River Upper Cretaceous includes Plagiaulacids and Cimolestids, 
the latter unmistakable marsupials rather close to the opossums. 

[Matthew later placed the “‘Cimolestids” in the Didelphidae and abandoned 
the dubious name Cimolestidae.] 

6. The Lance fauna (latest Cretaceous) contains the same elements as the 
Belly River, but a larger variety of genera in each of the two groups, due to the 
greater number of specimens known. Placentals are doubtfully present in the 
Lance, certainly in the Paskapoo, unknown in any older Cretaceous faunas but 
it is probable that the known Cretaceous faunas represent only such mammals 
as lived along with the dinosaurs in the great coastal swamps. The Cretaceous 
pro-placentals may have been a dry land or upland fauna. 

{Reference of the Paskapoo to the Cretaceous was an error almost immediately 
abandoned. Unquestionable placentals are now known from the Cretaceous 
of Mongolia.] 

7. The Puerco fauna consists of Plagiaulacids, Didelphids, a number of ? 


Insectivora, a variety of Taligrada, Condylarthra, and Creodonta, the last three 
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groups including the bulk of the fauna and apparently rather nearly related. 
[he primary division in the Paleocene placentals appears to be into a Creodont- 

lylarth group and an Insectivore group, the Taligrada being related more 
nearly to the former. Thess — continue through the Torrejon, doubtful 
Primates (Tarsiids?) in the Tiffany-Fort Union-Cernaysian, well specialized 
bats in the Tiffany. The last of the Multituberculates is found in the Wasatch 
Lower Eocene. 

[Matthew later recognized that the Plesiadapidae were probably true pri- 
mates, a conclusion made fairly certain by later study. It has also been defi- 
nitely established that primates occur in the Torrejon equivalent, middle Paleo- 
cene, of the Fort Union Group.] 
8. The relatively modernized type of Chiroptera found in the Paleocene 
at they must have branched off from the main Placental stock far 
back in the Cretaceous at least, but there is no more definite evidence. Their 
yparent anatomical relationship to the Insectivora suggests remote derivation 
from a 0g Insectivore stock. 

Citation of Paleocene bats refers to Zanycteris, the affinities of which are not 
juite cé id l nquestionable specialized bats do occur in the Eocene.] 

9. The earliest Menotyphla and Primates in the Lower Eocene and Paleocene 


uppear to be quite nearly related so that the affinities of the different genera are 


variously estimated by different authorities. Derivation from a common stock 
in the uppermost Cretaceous seems to be indicated All Eocene Primates are 
in the Lemuroid stage of evolution 

As is clear n his other writings, Matthew included Tarsius in the ““Lemuroid 


stage”’ structurally, but not necessarily in the Lemuroidea.] 

10. The Lower Eocene Edentates (Palaeanodonts) and the Paleocene Taenio- 
donts are very primitive and nearly related to the proto-Insectivores of the 
Paleocene. The Palaeanodonts are not far from being ancestral to both the 
Xenarthra and Pholidota. The specialized groups of the Xenarthra are not 
really adequately known until the Miocene (Santa Cruz) in South America. 
The very fragmentary and doubtful remains recorded from the Oligocene and 
Eocene (Pyrotherium and Notostylops faunas) of South America may have been 
much less specialized. The status of the supposed Pholidota of the Phosphorites 
and later Tertiary of Europe is very doubtful 


[Since Matthew’s death unquestionable and fairly specialized armadillos have 


been described from the Patagonian Eocene Nevertheless, they tend to con- 
firm his derivation of the Xenarthra from the Palaeanodonta. Later study 


leaves the relationships of the Pholidota with these groups somewhat more 





ll. The Paleocene and Eocene Insectivora are primitive types with but 
to distinguish them from related orders. Specialized Insectivora clearly 


related to the 


modern families appear in the Oligocene and the modernization 
rough Miocene and Pliocene. The Leptictidae are the best known 


1 
i 
progresses t} 
PrOoezt I 


of the Paleocene and Eocene types. Onychodectes of the Lower Paleocene, 


although regarded as an ancestral Taeniodont is quite near to these proto- 
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Insectivora (cf. skull and skeleton with those of Diacodon of the Middle Paleo- 
cene) and not far removed from the Paleocene Creodonts, Condylarths and 
Taligrades. 

12. Palaeostylops of the Paleocene of Mongolia and Arctostylops of the Lower 
Eocene of Wyoming are undoubted Notoungulates and more primitive than 
any South America genera, but already well differentiated in teeth. The affini- 
ties of the group appear to be rather with the proto-Insectivora than with the 
proto-Condylarthra, but pro-Taligrade relations are not to be excluded. In 
any event the differentiation of the group must date well back in the Cretaceous. 
The Litopterna are undoubtedly derived from a common stock with the remain- 
ing Notoungulate groups 

[Some early South American genera known to Matthew only by incomplete 
descriptions now appear to be at least as primitive as Palaeostylops and Arcto- 
stylops. I find in Matthew’s works no other statement of the unusual view that 
notoungulates might be nearer the proto-Insectivora than the proto-Condylar- 
thra. Elsewhere he seems to imply acceptance of more or less distant condylarth 
affinities.] 

13. The record of the Rodentia begins with the Lower Eocene at which tims 
the ordinal characters are fully differentiated. Its derivation from proto-Insec- 
tivora of the later Cretaceous appears probable. 

fA lagomorph has since been recognized in the Mongolian late Paleocene and 
a true rodent in the American late Paleocene. These probably would not hav 
altered Matthew’s opinions, unless possibly to make him place the origin of 
rodents at an earlier date.] 

14. The Tillodonts are not ancestral to Rodents, but also derived apparently 
from Cretaceous proto-Insectivores. 

15. The Taligrada (including Periptychidae) are a primitive group that may 
stand broadly ancestral to some of the later sub-Ungulate orders, almost cer- 
tainly to the Amblypoda, perhaps to Hyracoids, Arsinoitheres, Pyrotheres, 
possibly to Proboscidea; but in no case can the ancestral lines be traced closely 
enough to assure the relationship. Gregory considers that the Proboscidea 
point back rather to Condylarth ancestry. In any event there is no very deep- 
seated diversity between Paleocene Condylarths and Taligrades. 

[In support of Matthew’s last sentence in this passage, Simpson has since 
proposed placing the ‘‘taligrade” periptychids in the Condylarthra. Later dis- 
coveries and studies, e.g. by Patterson, make it highly improbable that the perip- 
tychids were the ancestors of any so-called amblypods, but support the relation- 
ships of the “taligrade”’ pantolambdids and the ‘‘amblypod” coryphodonts. 
The uintatheres, however, appear to be quite distinct from any of these. Ex- 
tensive work just getting under way when Matthew died would almost surely 
have led to considerable modification of his formal arrangement of these groups, 
although it does not radically contradict his basic ideas as to their evolution.| 

16. Proboscidea can be traced back to the Upper and Sirenia to the Middle 
Eocene, undoubtedly approaching at this stage towards a common stock—as 
shown in the disputes over the affinities of Moeritherium. 
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17. Perissodactyla are clearly distinct at the base of the Eocene where they 
first appear in the record, but they approach the Condylarthra so nearly as to 
point unmistakably to common Cretaceous ancestry. 

18. Orycteropus appears to be a highly specialized survivor of the Condylar- 
thra, and to have no affinities to the Edentate orders. The order is doubtfully 
recorded from the Phosphorites of France. Orycteropus gaudryi of the Upper 
Miocene is nearly related to the modern Aardvark, although it deserves generic 
separation. 

[Jepsen has since- described a supposed ally of Orycteropus from the early 
Eocene and has opposed condylarth affinities, but Colbert and others reject 
Jepsen’s conclusions and reaffirm Matthew’s views.] 

19. Artiodactyla make their first appearance at the base of the Eocene, and 
are regarded by Gregory and myself as having closer affinities to primitive 
Creodonts than to primitive Condylarths, the Creodont family Mesonychidae 
and the Artiodactyl family Entelodontidae being in some respects intermediate. 

(Matthew continued to support this view of artiodactyl-creodont affinities and 
nothing has been found to disprove it, but later students incline more toward 
derivation of artiodactyls from condylarth-like ancestors.] 

20. The Creodonta comprise a number of specializations from a common primi- 
ve stock, from one of which, the Miacidae, the later Tertiary and modern 


+i 
] 


arnivora are descended. This includes the Pinnipedes as well as the terrestrial 
fonts 


21. The Cetacea are an extremely specialized group at present, but a good 
deal of this specialization disappears as they are traced back into the Eocene. 
They may have diverged from the primitive placentals as far back as the middle 
Cretaceous but probably not earlier. Whether their special affinities lie with 
the Creodonts as the diagram would indicate, is not clear. The view advocated 


some writers that they are derived from the Hyaenodontidae, is quite un- 


The origin of the Cetacea is hardly clearer than when Matthew wrote, but 
studies by Kellogg and others suggest that they may have arisen even before 
the insectivore-creodont dichotomy and that exclusive creodont relationships 
are unlikely. | 

22. Survival of Hyaenodonts in Oriental and Ethiopian regions (Dissopsalis, 
Lower Siwalik, India; Metapterodon from supposed Lower Miocene, S.-W. 
Africa 


23. The Hyopsodontidae survive until the Upper Eocene although the re- 


maining Condylarths disappear much earlier. 

24. The earliest definitive Marsupials are the Cimolestids of the Belly River 
and Lance Cretaceous. Some of the Jurassic Trituberculates may prove to be 
Marsupials or proto-marsupials, but too little is known of them to assess their 
real position. Didelphid marsupials occur throughout the Paleocene, Eocene 
and Oligocene of North America, the Guaranitic ? Upper Cretaceous and later 


horizons of South America. The affinities of the ( 


aenolestidae of the South 
American Tertiaries are between polyprotodonts and diprotodonts, but the 
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earliest unquestionable diprotodont is Wynyardia of the Australian ? Miocene, 
related to Phalanger. This is the only record of the Tertiary land mammals of 
Australia. 

[For “Cimolestids’” Matthew would later have written ‘“Dipelphids.” It 
has since been shown that the supposed discovery of a didelphid in the Cretace- 
ous of South America was probably an error.] 

25. The Triconodonta are of doubtful relationship. They have been assigned 
to the Marsupials on quite unconvincing evidence. Simpson considers them 
as an independent group. Matthew regards the teeth as suggestive of some 
relationship to the Multituberculata but not close. 

26. The Trituberculata may represent the common stock ancestral to both 
marsupials and placental mammals but the described forms from the middle 
and upper Jurassic are known only from a few jaws and fragments. The teeth 
are tritubercular or zalambdodont, the latter type in Matthew’s opinion prob- 
ably a secondary specialization as it is found only in the Upper Jurassic. The 
number of molars varies, sometimes higher than in either Marsupials or placen- 
tals; but that may also be a secondary specialization. Certain genera show a 
distinct angle of Placental type, but are not otherwise nearer the placentals 
Others resemble marsupials in the angle. It is probable that the distinctive 
characters of marsupials and placentals were at this period in unstable condition, 
liable to occur in various combinations in the different genera, and not yet ol 
any great taxonomic weight. This is the usual history in the evolutionary record 
th 


divergence of the different groups not directly ancestral to either of two sub- 


of any group. Synthetic types are common at or near the beginning 


sequently distinct groups but combining variously the characters subsequentl) 
sorted out into the two groups, with other characters some primitive others 
aberrant, that have survived in neither. So far as the scanty evidence goes it 
conforms to this a priori expectation in the Jurassic trituberculate mammals 
Skulls of these animals recently found in the Cretaceous of Mongolia may throw 
a great light on the problem. 

[Matthew later approved Simpson’s revival of the more noncommittal name 
Pantotheria for the Jurassic ‘‘trituberculates.”” The views as to their affinities 
here expressed by Matthew antedate similar views supported in some detail 
by Simpson. The last sentence of this passage suggests confusion of the Cre- 
taceous with the Jurassic ‘‘trituberculates,” but this was unintentional: Matthe 
of course recognized that the Cretaceous forms were definitely placentals and 
that the Jurassic pantotheres were not. Unfortunately the Cretaceous dis- 
coveries have not, as yet, thrown much of the hoped light on the problem 

27. The divergence between Menotyphla and Insectivora is here carried back 
to the Cretaceous. There is however a somewhat different viewpoini possible. 
We may regard the Tupaiidae as representing the primary stock from which 
the Macroscelididae, the Erinaceidae, Leptictidae and Soricoidea are specialized 
offshoots, while the Zalambdodonts are a parallel but distinct stock. This 
would bring the Lipotyphlan Insectivores into a corresponding relation with the 
Primates to the unchanged Menotyphlan stock, and could be represented on 








| 
| 
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the diagram by shifting the Taeniodont-Edentate-Pholidote sequence to the 
other side of the Insectivora and closing up the gap between Insectivora and 
Menotyphla and Primates. Recently discovered Oligocene Menotyphla Erin- 


aceoids and Soricoids lend some support to this hypothesis of relationships 
which would place Tupaza in a position among placentals partly corresponding 
to that occupied by Didelphys among Marsupials, that is, as being an unchanged 
persistent arboreal type from which various terrestrial and fossorial specializa- 
tions are structurally derivable. 

[The points here discussed vexed Matthew during much of his life and he 
seems never to have been fully satisfied concerning them. Either of the alter- 
natives suggested by Matthew must be considered possible, but later research 
inclines to follow Matthew’s diagram more nearly than the alternative of his 
text, at least to the extent of considering tupaioids as nearer to the primates 
than to the typical modernized insectivores.] 


{merican Museum of Natural History, New York, N.Y 


THE PINE SQUIRREL IN COLORADO 
By Rosert T. Harr 


In all respects except color the chickaree of the Front Range of the Rocky 
Mountains of Colorado is a typical red squirrel. My purpose in the study re- 
ported in this paper was to determine the extent of the differences between the 
life history of this mountain species and that of its eastern counterpart. I have 
uublished elsewhere (1929) a report on the life history of the red squirrel. 

Field studies, covering the periods from June 17 to 21 and July 1 to 22, 1939, 
ere made chiefly in Boulder County, Colorado, from lower to upper timber 
ines, a vertical range of almost a mile. Headquarters were established at 
Science Lodge of the University of Colorado, on the lower slope of Mount Niwot, 

an elevation of 9500 feet, and about three miles by air southwest of Ward. 


Many trails and good roads gave easy access to a wide range of ecological con- 


Observations extended geographically from the central section of Rocky 
Mountain National Park to Devil’s Head Peak, west of Sedalia, and from the 
ver foothills of the eastern slope to the upper forest of the western. The major 


forest communities examined were spruce and fir, lodgepole, ponderosa, and lim- 
ber pine. Burns in lodgepole were studied while the trees were still in flame and 
stages of one year, several years, and many years. 
The study was made during a period of extreme drought. Indeed, the Long- 
nt (Boulder County) weather station recorded less precipitation in the first 


seven months of the year 1939 than in any similar period since its records began 


in 1888, and the Front Range presented the worst fire hazard in the United 


ates during the summer of the study. No drenching rains fell during the time 
of the study, a condition that no doubt limited the variety of foods available 
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to the squirrels. As an example, though mushrooms are said to be common in 
this area in wet years, no fresh specimens were seen at this time. 

I am indebted to the officers of the University of Colorado for their kindness 
in allowing me to use the facilities of Science Lodge, and particularly to Mr. Hugo 
todeck, Director of the University of Colorado Museum, who was a gracious 
host and adviser. The study was conducted under the auspices of the Cranbrook 


Institute of Science 


POSITION AMONG THE SQUIRRELS 


The pine squirrel (other names: spruce squirrel; Fremont’s chickaree) studied 
is T'amiasciurus fremonti fremonti (Audubon and Bachman), the type locality of 
which is the “Rocky Mountains’’, probably the park region of central Colorado 
Nominally a species with four subspecies, that extend through the Rocky Moun- 
tains from about the northern Colorado border to many of the isolated ranges of 
New Mexico and Arizona, it differs from the red squirrel, Tamiasciurus hudsor 
(Erxleben), in having gray bases to the hairs of the ventral surface. It is but 
the southern Rockies’ representative of this species, and differs in its habits no 
more than do red squirrels of one subspecies living under different environments 
See Hatt, 1929, p. 43 

Like the other members of the genus T'amiasciurus (tree squirrels that lack a 
baculum) it is associated strongly with the conifer forests of the cooler zones and 
finds its principal food resources in the seeds of these trees. As do the others, it 
also nests principally in the trees, leaps agilely among the crowns when a high- 


way of branches is not available; jumps from great heights to escape on thi 


ground when retreat is otherwise blocked; stores quantities of cones unde 
ground in large caches or singly; harvests fungi, dries and stores them in the tree 
branche is partially carnivorous; vociferously and variously scolds the invader 
of its domain; leaves conspicuous middens at its favorite feeding sites; tunnels 
extensively in the soil and snow when conditions are favorable. Although for 
over a century the squirrels of this group have been considered the most ter- 


restrial of North American tree squirrels, owing to their construction of tunnels, 
their frequent descent to the ground for escape, their occasional nesting under 
the earth or in such earthbound sites as stone fences. it must be observed that 


Grinnell and Storer (1924, p. 204) considered the California representative of 
the group (7'. d. douglasst) a particularly arboreal squirrel 
} 


In common with North American tree squirrels of the genus Scturus it under- 


goes no aestivation or hibernation, although ordinarily remaining in the shelter 


of its nest in periods of severe cold or storn Like these other species it con- 
struc bulky nests, feeds and seeks immediate safety, principally, in the trees 
It may, like other tree squirrels, forage on the ground and store food in pockets 
ma in the ground 


THE PELAGI 


lhe pelage characters of the red squirrels have been described in my 1929 


monograp! Notes here relate to that description 
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Uppers Forest of lodgepol pines Such forests cir great extent support a large 
but not a dense pine squirrel population Science Lodge, B der Co., Colo., June 19, 1939 
Lower: Mature forest of spruce and fit Pine squirrels are common in this and similar 
t not easily studied because of the height of the trees and the abundance of under 

gr Near Cache la Poudre lakes. Ro Mountain Nat 
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ur in the dense forests a short distance be 


Uprer: Timberline trees Pine squirrels occ 
low timberline b no sign of them is observed in the stunted trees here or just above 
Mount Baldy, Boulder Co., Colo., June 18, 1939 

Lower: In yellow pine forests such as this the pine squirrel is not found, probably b 
enuse of the lack of tree high vavs, the lack of good nest shelter and the diffieulty of feeding 
on the robust cones of the vellow pine Near Nederland. Colo.. 9000 feet. June 19, 1939 
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Sexual differences in pelage are not extensive. 


315 
The male has more hair on 

its ears and has the nasal stripe darker than that of the female. 
The broad black band of the lateral tail hairs is so well developed at the tip 


natter 


of the tail that it produces in effect a black end, probably analogous to the prom- 
inently marked tail tips of such long-tailed animals as the kangaroo rats—a 
rn tending to protection through distracting the attention of a potential 
redator to a non-vital part of the anatomy 

The squirrels in winter, besides increasing the warmth of their coats, lose the 
dark lateral line. The significance of such a changs 


, if there is significance to it, 








left forearm 


, outer sur 
is obscurt A squirrel of any pattern would be prominent on the snow and the 
evergreen trees among which the animals live the year around do not change con- 
spicuously with the seasons. The longer ea 
the early summer, for at 10,500 feet 
they were conspicuous 


actile hairs 


r tufts of winter may persist into 
, on June 


18, I observed a female on which 


are as I have described them in the red squirrel, except that 
n the few pine squirrels collected the carpal vibrissae were seven instead of three, 
the submental group occurred in a tuft of about a dozen small white vibrissae, 
and there was also a 

Det 


small g up Of short tactile hairs over the scapulae. 
rel, 


uils of the direction of hair growth 


s drawn from an adult male pine squir- 
and not shown in my red squirrel drawings are shown here (fig. 1) 
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INDICATIONS OF ITS PRESENCE 

Squirrels at times are secretive and it is possible to pass through a forest in 
which they are abundant without seeing the animals, yet by their signs their 
presence is easily known. The specialization of the pine squirrel’s food habits 
invariably results in the accumulation of piles of debris, which, where occupation 
of the site is long continued, become virtual monuments to their makers, 
Searching for squirrels one soon learns to judge their abundance by the amount of 
food litter. Where an area is newly occupied or but occasionally visited in a dis- 
tant foray, cone litter is light and scattered, but not infrequently seen on stumps, 
logs or below isolated barren tree branches which served as feeding stations 
Since no other animal in the range of this squirrel produces such debris, ther 
need never be doubt as to the identity of the sign. 

Freshly harvested cones, lying on the ground, with or without attached 
branchlets, are also good evidence of the presence of the squirrels. 

Pine squirrel nests serve as proof of the occurrence of the squirrel, except that 
their age is not always apparent since a nest may stay fresh looking for more thar 
two seasons, and from the ground an old nest is not always recognizable as such 
In thick growth it is also possible to mistake a bunch of mistletoe or witches 
broom for a nest, particularly inasmuch as the squirrels do on occasion use sucl 
a growth for a nest foundation. Nests are poor criteria too because of the dif- 
ficulty of locating them in thick growtl 

Tree stored mushrooms may serve to indicate the presence of pine squirrels, 
I have found this true with the red squirrel (Hatt, op. cit., p. 118). Had ] 
studied the pine squirrel other than in a year of exceptional drought in which 
there was no mushroom crop, I probably would have found such stores in Colo- 


rado. They have been reported in other seasons by Mr. Rodeck. 

The least useful indicator of squirrel presence is the feces. These are observed 
occasionally on middens or logs, but they seem to be dropped promiscuously, 
except in the nest. When fresh, they are ovoid to oval, about two millimeters in 
diameter, thrice this long and brownish black. 


THE EXPRESSIVE CHICKAREI 


The pine squirrel has all the vocal tricks of the red, and like the red, drums with 
its hind feet when nervous. Capable of scolding a visitor as long as the visito1 
will stay, the squirrels are, nevertheless, very wary on occasion and even in the 
center of a large colony complete silence often reigns. July 14, I visited a dozen 
great middens and at some stopped from a quarter to a full hour but at none did 
a squirrel make its presence known. To what extent the voice is the “no tres- 
pass”’ indicator of a squirrel’s territory, is a matter for further study. Gordon 
(1936, p. 171) has well compared the use of the voice to that of birds marking 
out their territory, but the squirrel uses its voice in too many ways for a single 
usage to be assigned all vocal effort. 

A squirrel on one occasion started scolding me from a distance of 100 yards, 
when I was in clear sight. Another time a long-crested jay became excited at 
my proximity. A pine squirrel at least 200 yards away and certainly unable to 
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mias) occupying the same or adjacent habitats, do successfully move the earth 
but the pine squirrel is physica!ly less well equipped to work soil the character 
of slightly decomposed granite. The ground in stands of yellow pine and limber 
pine is usually very coarse and rocky and may be the prime deterrent factor, or a 
contributory factor to the limitation of pine squirrel occurrences in these stands. 
Sufficient workable soil for cone storage may be important. 

Such tunnels a 


were observed in the course of the field study were with fey 
exceptions short, under logs or in middens, and barren of any foreign material 


other than a few cone cores. Exceptions were found in a stand of small spruce, 


fir, and lodgepole on the bank of Rainbow Creek, near the end of Maxwell Road. 
Here the unusual condition of deep soft forested 


soil provided the examples that 
proved the rule that 


the squirrels burrow where favorable forest and favorabl 
ir together. Extensive matting of large roots interfered with extensiv 
following of tunnels at this site 


short burrows in the stand was.followed to its end. 


It started in 
1. midden and extend 


ed with a single fork to a depth of ten inches at two and one 


half feet from the entrance In the end of the shorter fork, at a depth of eight 
inches, were stored on lodgepole cone and one spruce cone Near the tunnel, 
but unconnected with it, was a pocket ten inches deep containing eighteen sprucé 
nes in the moist cold soi 
funnels in middens were found extending to a depth of twelve inches, but 
nor s so deep in the soil 


In ar rea Ol lodgepol near Rollinsville, in which particular note was 
m of squirrels, nest } 


s and middens, careful search was made for a1 


give! 


n ti 


underground nest in an area 50 feet in diameter, much occupied by a squirrel 

n known to be associated with a tree nest Every ground-opening 
in tl area was carefully followed out, but most were but shallow pits and none 
\ over 18 inches long except for one, following below : log, that ran for 


9 
ab 


THE DAY’S CYCLI 
In Late Jun 


I 
hot, but in July, accentuated by 


1 


at no time was the day 
the dryness of the year, nights were comfortabk 


, the mountain nights were bitter cold and 


days almost hot, to my way of thinking 


Che squirrel scl edule did not seem to be influc need by the observed temper: 
ure changes from June to July. At daybreak the squirrels would be cl 


schurring 
Through the morning until about 10:30 they remained actively foraging, but 


after that and until about 2:00 p. m., they were rarely seen. This corresponds 
roughly with my observations (1929, p. 78) and Hamilton’s (1939, p. 742) o1 
the red squirrel in the eas he major summer activity period there extends 
Irom Gawn to about 9:00 n vit] marked quiet period in midda At n 
ime were the pine squirrels seen or heard in the night 
VERTICAL RANGI 
Great altitude is probably not directly a controlling element in distribution 


is no evidence to indicate that the lower air pressure nor the more 
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vere climate of higher altitudes could not be endured by the chickaree, but 


rough the elimination of favorable nesting and feeding areas the squirrels are 


pt to moderate altitudes The highest point at which I have seen the pine 


uirrels was in the uppel limits of a mature spruce fir growth in the Brainerd 


ake area This site was at about 11.000 feet. The lowest point at which 
uirrels were seen was at about 8,500 feet on Devil’s Head Peak, southwest of 
li Near Colorado Springs this squirrel occurs (Warren, 1910, p. 187 


to 6,000 feet, a vertical range, roughly between the first and second miles 


altitude. 


THE FAVORED FORESTS 


ne lodgepole Pinus contorta vai VU urra jana) torest is the favored home of 


pine squirrel in the Front Range of Colorado, and in these forests it attains 








mun populatior s. To favor the pine squirrel a stand must be cone-bear 
ind dens« A dense stand of trees 15 feet high and three inches in diameter 
li Sometimes harbor a few squirrels, whereas an open gro vth of trees 20 feet 
six inches may have none 
Isolated spruces appear to harbor no squirrels. Squirrels are abundant. 
( in he stands of Engelmann spruce Picea engelmant ._ blue spruce 
Picea pungens) and Alpine fir (Abies lastocarpa) or spruce and poplar. Squir- 
re found in the magnificent tall fir stands just below timberline, but appear 
il e the areas of stunted growtl 
he pine squirrel is absent in the vell pi P ponderosa va ypu mn 
sts where the tre ire not greatly mixed in with other conifers Che yvello 
II orn an open growth, with poor protection to a squirré 1 and with cones 
proportion to discourage feeding, does not seem well suited to the pine 
rrel In only one situation, along the Nederland-Ward highway, in a stand 
xed small yellow pine and lodgepole, did I find one nest and yellow pine 
had been opened or shucl he squirrels. On the other hand 
( rted by Car 1911, p. 69) that in the Es nte Hills in the northwestern 
ite, this squirrel comes down an yng the yellov pines at 7,000 fee 
| int In other sections, he observes, the pine squirrel was found 
pockets of balsam and aspen were scattered among the yellow pines 
The limber pine (Pinus flerilis) is also of sparse growth habit, though a tree of 
g titudes. Its cones also are robust, but its seeds are frequently eaten 
he pine squurre On the moraine above the University (¢ amp where the 
pine is abundant, the middens all contain a large number of the limbe 
nes, but the squirrels occur only where other trees, (spruce, lodgepole, 
che clu s alongside hich grow limb ines Che limb pine 
verch tree where it occurs i feeding area, and middens undet 
| ( | thoug rhe s ure Che open, lo 
} ‘ ‘ to otte n esteeme place on which to sit al shuck a cone 
i | re O irl eas whel I rr \ er or sno l i lable to them 
summe und the must gan iequ iounts from their foods or fron 


recipitation 
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rock. Lodgepole cones still clung to the trees but were open, their seeds largely 
scattered. Few ground plants had appeared, these principally roses, bearberry 


fire-weed, a willow, false cinquefoil and cowpeas Of these the perennials we 








PLA 
Up \ ly yg 
ersis | ( ( 
' Lodg 
growing trom unburned roots Somewhat ored as sites for new growtl ‘ 
the squirrel middens These had been but surface burned. their wet bases 
sisting the fire and hi iping to protect the oots of bramble and bearberry 


fering good tooting for fire-weed No lodgepole seedlings were seen \ 
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seen in this old burn except numerous flies and ‘asshoppers, a 


flock of 6 mountain bluebirds that seemed to be feeding on the 


ind a flock of about 12 pine siskins, feeding on seeds in the attached 
lgepol 
SPA CIN( 

U1 become sufficiently familiar with the squi 
( T ky ( | | irrel nad ne (ne yt 
Ivepols Science Lodge. the oth 

] y R ] 
. : d mm 
R $ 

1g pt ol g here aspen occurred. Thi 
O elg! inenes u 1 he northern « lor where 

oO! his g. 2), roughly triangula mn 
el ere Withir I est I kni of four midder 
l nd or Y hve | nh « these anneared to | e an 
ssociated with it, but, though the t vas quietly observed fot 
} r d neve mor t ? me squu el seen or he ird uw 
( This obser 101 orrespol with that of Gordon (1936. 
I ic] I ddet uit LiIOUS ruarded by single squirrel 
could not be associated with any known midden or nest ly 
the centra eas there was one old nest and one new one In 


] } } } } 
single nest could be located although a very ancient nest occur 
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red about 50 feet away The seemingly nestless midde n area was mark 
many short tunnels, but, though all found wer: explored, no underground 
could be located It is possible, of course. that this waa a fer ling reD 
squirre] nesting at a distance Within this area (30 feet in diameter 
dead tree elsewhere described, with much of its bark squirrel-remov¢ ! 
also I watched a squirrel cut down many cones. The other area the 
the stand, had but one nest. 
The diameters of the midden areas mentioned wer about 100 fe 
10 feet and 30 feet The areas in the central forest were about 500 fee 
the pe riphe ral one about 700 feet fron the near { 
On the basis of the presence of five adult squirrels to ter 
population of but one squirrel to two acres. indeed a small census 
In the area above Science ] odge, unmeasured but embr cing al 25 
lodg of somew] vounger growth than the Roll ile ar 1 | 
idult squirrels and four nest voung Seven. nest vey ound he a 
established middens Che ‘ thus emallk 1,4] squirre ni ule 
t Rollinsvill 
(Through observation of many living squirrels in the Front Ran 
r t t that the Summe! foraging 1 nge v in ¢ , 100 ls 
In gene |, squirrels were absent in young rests, and in place he ft 
one The ( neve found more } ndar to judy chief 7 
debris) than ir mature stand of lodgepole, about 50 f higl th whic 
INLINE ¢ spruce and I Here shelt md } — P 
the ac ulation of squirrel food debris indicated lor n Laren 
spruces, though probably possessing adequate resources for one or two 
were not utilized 
NEST GROUPINGS 
he pine squirrel, free of commun | oblig tions and wit} familv respor | 
minimum, living in an environment where at least in most vear 
nest materials are available beyond the possibility of exhaustion. ha 
sure time That some of this is expended in architectural pursuits bev 
main nest seems probabk The rapiditv with whicl mother squin 
their voung to oth nests when the oecunied ne 1s disturbed sho 
female squirrels with broods, if not all mature pine squirrels. have res 
ready for occupanc' 
These squirrels are so unsocial in their behavior it seems unlikely that clust 
ing of nests indicates several families sharing a limited territory, nor are tl 


nests likely to serve as guest houses Wher 


many nests havs 
togethe) they have been in 


groups of mature trees, under which larg 
occurred The midden indieate long occupance ?) site the multi 


nests probably the same 


That some of the nests in such clumps are 
by Long (1940, p. 175), but there is an insinuation of deceit in tl 
my”. It is true that there is : 


‘“dummy’’ nests has been 


factor ot safety. ao ibtles unconciou 


ii¢ word 


he en round c 


suggest 
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ings, in that such a predator asa marten might give his presence away by 


st investigating an unoccupied nest Yet by the same mark a nest site be 
es increasingly conspicuous with added numbers 
en, 
) “s 
(Sp J "seventh 
\ 


os, Si, A nest as’ away 
: Ny \ SS) / 


bal 
ax 














| 
5 s F 
S) , , , . one und fir. Moraine above ° 

s | 939 
() t here seven nest occurred be described In this instance 
g I \ ithiz radiu ot seven tet ( cupied a group of five spi ices and 

ng the iil between Science Lodge and Rock Lake, up on the moraine 

Another nest was but 25 feet away in a lodgepole pint The surrounding forest 
in general a fairly open growth, chiefly of lodgepole and limber pines. Of 
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the seven nests, three were deserted Since squirrels were not seen at the sp 
[ can present no information on the significance of the number of nest Anothe 
group fig. 4) of seven nests in larger trees about a mile from thos« 
above, could not be so readily examined. The clump of trees in which thes: 
nests occurred had a maximum diameter of 25 feet and the nests were « 
to less than half the area Two of the nests were in one tree: three witl i 
feet of one another (Plate 10, upper Four of the nests were taken dow 
Each might have been occupied. 
RESTRICTION TO OUTSIDE NESTS 
Activit through the coldest months makes a warm, di nest an ‘ 
I Frer I s chicl ee cons l tS al | late me Undergrour 
nknown in this region, because perl Gis tate af ev Oe | 
ses y 
" » 
J \ a Z 
nN f 
wy, S 
- ° Ns ® 
e oa 
é ttle \ 
—> ¢ . 5 ; 
Zz , A 
ip moot t 
/ ~ j . x 
~~ a - 
ste, 
a maces eons 
TS cae * } 
| , rig 0 
el | i 
j } } } t yr B } ( t 
relative bsence of natural tree cavities and hollowed stumps in the area of the 
pine squirrel is, I presume, the direct reason for the nests almost univers 
being constructed on tree limbs Were tree cavities availabl it is almost ee 


tain that the pine squirrels would be found to occupy them. Rotting stumps: 


logs ol considerabl age ana variety are characteristic o! much ol the southen | 
' 


range of the red squirrel, and that species makes abundar use of them fo holt 


s 
, 
, 


. and storage In the pine squirrel’s range, howev« 
ground decompose quickly and are not likely to provide suital 


On but one oceasion (June 18) did I find a squirrel in a hollow log and th 


reason fo! that occurrence Was not obvious The log WAS a lo lgepol : lying 
an open stand The squirrel was a lactating femal No nest or food is ll 
the log 

Nests in human habitations are doubtless as common among the pine saquil 


rels as the red In Boulder County I heard of their occasionally entering cabins 
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na ccupying them. but this habit is mort characteristic of the neighboring 
it (Neotoma Though not in any sense primitive, cabin occupancy may 

hy licative that hollow trees, to which they are analogous. would be used it 
Iyly 








| 
\ = | dl Ort} 
| } 1 ()t ed b pin 
P Sp , : | (>t) } ad bY pine squirre 
I} thy short period Of study) notes wer mace concernme IS nests About 
n them were examined closely enough to be handled Certain generaliza 
tions mav be excepted or supported bv details below 
\ were commonl IS) found in lodgepole pines. as would be expected, 
SI! the greater part ol the Squire's Is’ local range is m the lodgepole forests 
\h t as many (16), however, were found in spruces. Seven were seen in fir 
ty ut only a single nest in a limber pine The more open growth habit of 
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the limber pine affords less protection to the squirrels and it is presumably for 


this reason that the trees are not commonly used, 





PLATE §8 
Upper: Staminate " s of the lodgepok yu “ul of pine 
June 19, 1939 
LOWER: Staminate conules of the lodgepolk Left ister s harvested by ne 
squirrel Others: twigs left after the conules were eaten, by a pine squirrel 
In a stand where all the ees 


not resident In older stands the 
Nests high in the crowns 
indicating 


The nests are not found in very young trees 


ire young, food is scarce and the squirrels ul 
go unobserved conclusions 


more mature trees offer safer sites to the squirrels 
ordinarily y so that 


mature trees would 
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usual height of the nests must be admitted as probably erring on the low side, 
although in one group of seven nests the highest was at 30 feet when seemingly 
equally choice sites were available at double this. The mean height of nests 
observed was 20 feet, although others were at from 8 to 60 feet. Few nests 
ower than 15 or over 30 feet. Among the low records were: one at 8 
rea: one at 10 feet in a small dead 


feet in a small leaning alpine fir, in a swampy a 
spruce crowded by two living spruces. Two nests seen at 50 and 60 feet respec- 
tively were in large spruces exceeding 100 feet in height. 
The nest is usually placed where it is firmly supported and as well protected 
om the weather as the site pe rmits This means that the outermost section 
of the branches is avoided, the extremity of the crown ordinarily unused. Diam- 
eters of tl trunk, either of the tree at its base or at the level of the nest are, 
[ believe, of no significance. Nests in my observation are most commonly in 
ct with the trunk, straddling one or more limb bases, though Cary (1911, 
70 I ind them ‘ isu lly vell ou I | he main trunk’’ Of 36 nests in which 
he sitic lescribed, eleven were at a distance of from one to four feet 
he ink, a single one at eight feet. One nest was in a broken lodgepole 
lled between seven leaders Four nests were in bunches of mistletoe 
he nest itself is roughly globular, sometimes flattened above and below but 
occasionally deeper than broad. Its horizontal diameter varies from 11 to 18 
he Inside is a cavity, four to five inches in diameter, and leading to this 
he outside is a single passage the diameter of the squirrel’s body. The 
is sometimes concealed by a section of the thatch hanging over the entry. 
be that when a squirrel leaves the nest in a leisurely manner this hanging 
door is arranged as a screen, for in some nests I needed to search for the entry 
However, when I had certainly frightened the squirrel from its nest the entry 
ce nspic lous This doorway may face any point of the compass, face the 
trunk or away from it. I presume that it is always toward the best branch 
hishwe 


lhe nest has no platform of sticks supplie d by thes juirrel, although in the base 
e nest or in the crotch in which it may be placed there is sometimes an ac- 
lation of pine needles, rarely broad leaves and plant fibers which the squirrel 
ssibly placed ther 

The nests are most commonly of grass, which is abundant enough in typical 


oY lirrel areas. With this there rarel 


. ; , 
‘ely appear a tew pine needles and aspen leaves. 


lhe grass on the outside is not comminuted but that lining the interior always is 
well shredded and soft Cary’s (1911, p. 70) description of the nests as ‘‘of pine 
nd spruce needles and fine strips of bark” is scarcely typical of my findings. 

o nests of distinctly different makeup were found, and these occurred in a 
wet spruce area, of a type not occupying large areas in the mountains. These 


nests were lined with shredded spruce bark and a little moss (Plate 10, lower). 
In the vicinity of the nests there was little grass; in the vicinity of most grass 
nests, little moss 


One nest more varied than others, perhaps because located near a roadway, 
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was mainly of grass but with some string admixed. It was lined with fluffed 
string, grass, and many breast feathers of a robin. There was also the end of a 
squirrel’s tail, including a centimeter of the vertebral column. 

Minor amounts of extraneous matter are occasionally found in nests—tufts 


of squirrel hair, parasites, and once three small snail shells that may have come 
in with some sedges incorporated into the nest. Fecal material was not seen in 
the nests. A white rag was caught on the trunk of one tree just below a nest 
containing young. Similar conditions are reported by another (see Social 
Status 

That nests are sometimes built on the platforms resulting from old deserted 
nests was indicated by one nest in which stratification of the base indicated that 
two or more earlier nests had been at this site. I have not found one built on 
an old bird’s nest. 

Just as the squirrels are independent of streams and lakes, so of course ar 


placements of the nests. In one instance I did find a nest directly over the water, 
in a fir at the edge of a pond, but if anything this was a disadvantageous position 
since ready escape was limited on the water side 

The life of a nest extends over several seasons. Of two nests occurring near 


one cabin where they had been regularly observed by Mr. Rodeck, one was in its 


fourth year, the other in its first. Eventually a nest is deserted and becomes a 
sodden flat topped mass that may serve as a feeding platform. Some are blown 
out ol place and, of course, then deserted. 

The nest of the pine squirrel may be said to differ from that of the eastern red 
squirrel only in its greater limitation to typ The red squirrel, usually with 
greatel esources, is likel) to have a more diversifi | nest \ T ol bro d 
leaves, of bark, of nesting sites in hollow trees, stone walls, ete., gives it an ad 
vantage not enjoyed by th squirrels in the mountains « Colorad Outsid 
nests of the red squirré | are rare in places where broadleaved trees provide abut 
dant nest cavities. The underground nest. occasional in the East. was unob 


{ | 


served in the home of the pine squirrel. 
The time at which nests are started cannot be stated on the basis of a study 
involving but the tenth part of a yea Apparently fresh starts of nests wer 


found on July 3 and July 11, but at no time did I witness nest building activities 


A LIMITED DIET 


The seeds of the lodgepole pine, limber pine, Englemann and blue spruces, 
Douglas fir (Pseudotsuqa taxifolia and Alpine fir and the lodgepole staminaté 
flowers formed virtually the only foods of the squirrels during the early summer 
of 1939 Seeds of the yelloy pine must be listed as a food available on the pe- 
riphery of the range and not extensively utilized The bark of the lodgepole fits 
somewhere in the picture as attested below, probably as a winter or early spring 
supplement to diet. In less dry years fungi must well supplement this as af 


} 


firmed by othe observers Two old dried fungi § R issu an i : Polyporus 


relics of other years, were recovered on sit that suggested squirrel storage, 
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The presence of the bones on the middens may account for the frequency 
of hare scats on the mounds, for hares also gnaw at bones. An equally tenable 
explanation, however, might be that the middens, by reason of squirrel activity 
and size, may be pleasant resting places in time of light snow. 


BARKING OF TREES 

The red squirrel of the east barks a variety of trees for nest material and in 
feeding activities, but the pine squirrel, with a less varied forest at his disposal, 
gives less evidence of such injury to living trees or utilization of dead trees. Ob- 
served barking by the pine squirrel was limited to removal of bark in the upper 
sections of lodgepole pines and removal of bark of a dead lodgepole. 

Four instances of the removal of living bark were observed. Three of these 
were in nest trees, within a few feet of the nests; the other in a tree adjacent 
to one supporting a nest. There is no reason to presume, however, that barking 
is confined to the vicinity of nests, since I never ascended a tree to the crown 
unless a nest was first seen or suspected. In each of the trees the cutting dated 
back at least to early spring since bark healing was everywhere evident. On 
one tree about 60 square inches of bark had been removed near the nest—chiefly 
in scattered patches about two inches in diameter. In the tree lacking a nest, 
the removal had been extensive. Such work, though similar to porcupine injury 
is readily distinguished by the size of the teeth marks. Sheldon (1932, p. 199 
records that the red squirrel (T. h. hudsonicus living in lodgepole forests of 
sritish Columbia had the “tender, sweet inner bark” of the lodgepole as the 
chief summer diet. He writes, “I observed them often gnawing away the out 
side bark to reach the inner layer and in many cases they had ringed the tree 
near the top, thus accounting for many dead tops.” Summer removal of 
Douglas fir and of oak bark, with killing of the tops, presumably by the Douglas 
chickaree, is reported by Moore (1940, p. 11 

Removal of a large amount of bark from a dead tree (Plate 3, lower) was 
observed but once. Here, in a dense stand of small lodgepole, a single dead 
tree, six inches in diameter, had most of the bark removed to a height of 15 feet 
The many tooth marks were practically all horizontal. The absence of loos¢ 
bark on the ground near the tree would indicate that the larger fibers, at least, 
had been used in nest construction. The stand was occupied by squirrels, 
although a careful search of the trees and the ground in the vicinity failed to 
reveal a nest nearer than some 400 feet away. The virtually complete absence 
of grass in the dense stand in which the stripped tree occurred, suggests a reason 
for resorting to bark fibers, had a nest been required. Search for bark insects 
may, of course, have been the reason of the barking 

The significance of the bark as a food and bark as an emergency nest material 
may be great to the individual squirrel, but in Colorado the effect on the forest 
must be negligible in both instances since so little of either type of work was 


observed. 


THE MIDDEN 


The midden pile of cone bracts and cores is the center of the pine squirrel’s 


domain. By it one knows his presence, the relative length of his occupancy 
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PLATE 11 


Upper: Fighting the Rollinsville Fire Note that in the open growth on this south fac 
ng slope many trees escaped with little injury On the far slope is the site of the 2000 
1938 Rollinsville fire, in which a dense lodgepole stand was fully destroyed. Bouldet 

( Colo., July 21, 19389 
Lower: Seorehed squirre] midden from the 1938 Rollinsville fire All trees in this area 


dead July 11, 1939 
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PLATE 12 
Upper: Lodgepoles about four hours after the peak of the fire Note the live pine 
squirrel to the right of the lower part of the central trunk. Rollinsville, Colo., July 21, 1939 


Lower: An unburned squirrel’s nest, which passed through the 1939 Rollinsville fire 


The photograph is taken outward from the supporting trunk. July 21, 1939 
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of the site, and something of his habits. Here he feeds, drags old bones to 
gnaw on them, buries a portion of his cone harvest. It is his gatepost, easily 
dug, easily located. Other rodents do not dig in it. It is a testimony of the 
squirrel’s localization and of the monotony of his diet. The relatives of this 
squirrel (Tamiasciurus douglassi and T’.. hudsonicus) in the west and to the north, 
where they occupy similar habitats, leave records like that of the pine squirrel, 
but the red squirrel of the eastern states, leaves lesser piles of debris. 

Middens are usually centered about a tree or cluster of trees, about a stump 
or log. The squirrel secures a large share of his cones from the ground, just 
before feeding. These may have been freshly cut, several at a time, have been 
on the surface for several days, or have been buried a matter of months. The 
squirrel commonly carries his food to a low perch, sometimes a log, sometimes a 
stump, most frequently a limb, from which he has a clear view and ready access 
to safety, and here, while eating, drops his trash. 

Pine squirrel nests always have some midden below them for the squirrels 
frequently feed near the nest, but many middens have no nests in the immediate 
vicinity. 

Middens, of course, vary from the litter made from consumption of seeds 
from a single cone to a great accumulation of years. The size of some middens 
vould indicate the accumulation during generations of squirrels and these piles 
may, in fact, be almost as old as the forest in which they occur. Concentrated 
middens forming mounds are the result of restriction of suitable feeding perches. 
W nere many rood perches occul the midden IS likely to be diffused. Well de- 
fined middens of large size were found. One of these measured 35 feet by 10 
feet and was evenly spread between twenty-four trees and six logs. Another was 


bout 25 feet in diameter and was 18 inches deep. Middens lack stratification 
probably both because they are constantly accumulating with the same sort of 
material and because the squirrel’s frequent digging activities disturb much of 
the structure 

The structure of one midden dissected and described was typical of the others. 
This midden measured 18 inches deep down to the glacial till on which it rested. 
The upper 3 inches of it was of dry scales and cone cores; the lower 15 inches 
was damp and humus like, with the identity of the source material largely ob- 
scured. This section was interwoven with rootlets and white material re- 
sembling, if not actually, mycelial threads of fungi. Other middens showed 
tunnels or plugs of cone scales occupying old tunnel sites. Cone storage in mid- 
dens is irregular, by no means constant. 

Do middens serve as germinating beds? Seemingly not. Examination of 
middens in a year-old fire site did show sprouting blueberry, roses, and other 
deeply rooted plants, but no conifer seedlings. In unburned areas an occasional 
pyrola is seen in a midden, but usually they are kept clean. Such cones as are 
buried in middens are probably kept too cool to germinate, or, if not eaten 


within a year or two, rot, as recovered cones indicate. 
FEEDING 
The feeding activities of the pine squirrel in early summer were largely devoted 
to cutting of cones for immediate consumption and for storage, the excavation 
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of stored cones, the cutting of the staminate conules of the lodgepole, and a 
promiscuous amount of foraging with results that were never evident to me. 
They are seen feeding at all times of the day in which they are active. 

No excessive amount of agility is required in reaching the usual foods, since 
the flowers and fruits of the pine, fir, and spruce are carried on relatively sturdy 
branches. Cones and flowers are sometimes eaten from the same perch from 
which the cutting was done, sometimes allowed to fali, later recovered, and car- 
ried to an elevated feeding site. During cutting, the squirrels occasionally hang 
head down to reach cones below them. I have watched a squirrel hanging freely 
by his hind feet, drop his own length to a lower limb, with cone in mouth. 

The noise made by their teeth clipping off the cones’ scales to reach the seeds 
is audible for a considerable distance on a quiet day, and frequently leads to the 
discovery of the squirrel. At such times, if not too closely approached, the 
squirrel is likely to finish work on the cone before giving his attention to the 
observer. One squirrel was timed to shuck and feed from three cones in four 
and one-half minutes 

I saw no squirrel that had pitched up his face in cone cutting or feeding, 


though no doubt under some circumstances they do become soiled. 


THE HARVEST AND ITS STORAGE 


Freshly cut lodgepole cones were found in open pockets in the middens as 


early as June 22. These were of the previous season’s growth. For an hour, 
from 5:30 p. m. on July 17, I watched an adult male squirrel cut cones in : 
thick growth of young lodgepoles. The squirrel moved about among the trees 
(few bore cones) and he spent much time scolding but did not come down to 


of only 55 cones, 25 


; 


earth while I watched The hour’s work resulted in a cut 


+ 


from two adjacent trees, 30 from another, 30 feet away Most of the cones were 
cut “clean’’—that is without any branch; but others, sometimes two or three 
in a cluster, had six inches or more of twig attached. Some of the cones wert 
freed of attached twigs after being cut with them, but before being dropped. 
One tree was considerably defoliated by the cutting but the forest as a whole 
obviously does not suffer. The cones were left on the surface of the ground 
overnight 

That cones may thus be left on the ground for a considerable time is indicated 
by a find, July 3, of some 50 lodgepole cones, two to three in a cluster, scattered 
beneath a tree from which, to judge by appearances, they had been cut more 
than a week earlier. It is possible, of course, that this was waste cutting or that 
an accident befell the harvester before the cones were put away, but it is well 
known that eastern red squirrels often leave their harvest ungathered for sev- 
eral days. 

Cones cut as early as June 22, may be placed in numerous pockets in the 
forest floor or small midden heaps, where they are sometimes left exposed for 
several days. Typically, these pockets are numerous in a small area, and each 
may contain 6 to 30 or more cones, tightly packed. A store of 125 newly cut 


small lodgepole cones was found in one midden July 18. Of these, 23 were in 
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one pocket Storage in large middens appears to be exceptional. I have not 
observed storage by piling cones in the open, as has been reported by others. 
At one site where there were piles of slashings the squirrels buried the cones 
in ground pockets under the brush. 

Cone storage has only been observed within a radius of 75 feet of nest tr 
I have observed a pine squirrel carry a cone 150 feet to store it. 


There is much evidence that when a cache is opened the squirrel may continue 


to use food from the pocket until it is empty, for around an opened pocket there 
are usually many equally weathered cones and bracts; in one instance, the 


remnants of 80 cones. 


A 


Cone storage underground, particularly in the areas of spruce and fir, must 
be of significances in a lean yeal in cuarding for the harveste a personal food 


reserve Here, with the protection of the ground moisture, the cones do not 
open and scatter their seed, the cool earth retards decay and, following a top 
Pa 


ire, the buried food might prove adequate reserve for the contingency of the 


moment At other times storage of lodgepole cones seems of littl importance 
since the seeds are not scattered as in most of the conifers The burial of spruce 
and fir cones, however, is always important, for their seeds are dispersed early 

in life 
No large caches of cones were found as reported by Yaeger (1937. p. 191) 
for Michigan red squirrels His record of seven bushels of cones in one spot 
is far above any record of mine. Yaeger’s observations were made in Novem- 
ber—four months later than most of my field work, and in this time there is 
wer testifies too that study of the 


opportunity for a great deal of harvest Yaeg 
same area a year later disclosed no fresh caches or evidence of cone piling, a 
fact attributed to failure of the cone crop 

The significance of chickaree-stored cones as sources of seed for forestry is 
belittled by Moore (1940, p 11) who observes that although these cones almost 
invariably have a high seed count, seed collectors in the Douglas fir region find 
it more profitable to do their own picking than to rely on caches 

Fungi are known to be stored by the pine squirrels in wet years but the season 
of my study was exceptionally dry and no fresh fungi were seen. Two old 
dried mushrooms were found where squirrels may have left them, one on the 
surface of a midden, one in a tree from whence it was shaken with a squirrel’s 
nest. 


REPRODUCTION 


No sexual activities were observed among the squirrels, although occasional 
scamperings about the ground may, of course, have been sexual in nature rather 
than defense of territory. About September 1, 1919, I observed two pine squir- 
rels in coitus in this same region. The period of major sexual activity is doubt- 
less in late winter and early spring. 

A gravid female was collected May 17, at 8000 feet, in Utah, by Long (1940, 
p. 175 


Nursing females were collected or observed from June 18 to July 17, almost 
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the length of the field season. Two females collected July 5 and 6 contained 
no embryos, but were nursing. A litter of four was found in a nest July 3. 


These were 185 mm long, blind, but well furred. Two young were obtained 
in a nest July 14. These, unmeasured, were somewhat smaller, scantily haired. 

\ tame female red squirrel (7’. h. loguax) less than one year old, allowed access 
to a house by an informant, Miss Margaret Gray, of Oswego, New York, came 
to the house door on March 29, after being outdoors for two days, rushed to he 
cage, and sometime in the next few hours gave birth to a litter. This particular 
unusual observation of an unnatural circumstance would indicate that a female 
under normal conditions probably leaves her young in a nest with which she is 
long familiar; probably not one shared with a male. Parturition in the first 
year is apparently normal to the species 

The mammae, as in the red squirrel, are two thoracic and two inguinal on 
each side 


As noted elsewhere, the young encountered were richly supplied with flea 


BEHAVIOR NEAR THE BROOD NEST 


An adult female (July 3, 8:15 a. m.), scolded me for one minute from a tre¢ 
72 feet from her nest which contained young. She then came down to th 
ground where she foraged quietly. At 8:22, having got near her nest, shi 
dashed up a tree and again scolded. She came yet nearer, through a tree high 
way, and continued to scold When within 20 feet of me and in clear view, she 
settled down to regula scolding Twice she dashed to the rround, oO! the 


second ascent carrying a cone on which she fed from at a height of five feet 


This was twice repeated before she stopped again to express herself. A short 
dash around in the trees was followed by descent to the ground, over which 
she traveled for 100 feet Her scolding was then answered by another nearby 
squirrel; also scolding. ‘The first squirrel then churred while the second con 
tinued to scold. A man passing between the two occasioned both to scold him 
for two minutes, after which there was silence. The female squirrel movea 
to her nest tree and entered her nest. At this point I moved over to the nest 


tree and started to climb The mother left the nest and the tree well before I 
attained the level of the nest, but when my head was opposite the entrance the 
squirrel returned over the branch highway to a position high in the nest tre 
and descended to within four feet of my hand, and there scolded vigorously. 
As I reached in the nest she came down to its roof then, losing courage, dashed 
to another tree. Two minutes after I had reached the ground the mother re 
turned and searched over the nest but appeared reluctant to enter. Five minutes 


later she entered it, came out carrying one young, descended to the ground 


where she stopped a half minute t readjust her load and earried it 40 feet to 


another nest well concealed in the dense crown of another lodgepole pin 


Three more young were quickly transferred to the other nest. All four had bee 
removed in five minutes, efficiently and silently On each trip the same general 
route was followed. After the last of the litter had been moved, the mothe 


returned to the first nest, looked through it at length, then came out and watched 

















HATT—PINE SQUIRREL IN COLORADO 343 


close, returned to examine the nest, and then moved silently away 


both nests. Not until eight minutes passed did she return to the nest 
ining the young 
The nest to which the young had been transferred was examined the following 
I till contained foul blind but tu red young. The m ther remained 
hin one to four feet of me while I removed one of the young to the ground. 
it had been photographed, I placed it in clear sight on a low stump. then 
l away, hoping the mother would quickly remove it Since in ten minutes 
had made no move to do so I took it back to the nest where the mother 
mained. One week later both nests were examined and found empty. 
ther nest as found and il a full ho ir’s wait no other squirrel was seen 
closer than 100 feet 
Another instance of maternal care was observed. In mid July, a nest at 15 
broken-topped spruce was pushed dow and found to contain two verv 
ung I placed them on the ground ni me and almost immediately 
other juirrel, which had not been observed before, came down the nearest 
nk al pproached t ithin five feet of me, but seemed to lack courage 
ne neare | then placed one of the voung at the foot of the nest tree 
noment the mother came down, picked it up in the manner usual to tree 
r¢ and carried it up to where the nest had beer She seemed disconcerted 
ng. | I ( I ents 1 Le hort leap to another tree, 
led it, ran 40 feet er the grour und ascended a tall tree where ther 
bly ws nest The other baby wv placed where the first had been 
ip and tl I ther came and got this one also, although I was but six 
She did not go up the old nest tree this time, but went directly to 
here the first voung had been left She was not seen again 
HUMMINGBIRD AND SQUIRREI 
mn the occasion just narrated, when I had removed two baby squirrels from 


r nest, the distraught mother scolded loudly from a perch 35 feet up a tree. 


the time I was occupied collecting parasites from the young animals, but 





rprised to have a broad-tailed hummingbird come within four feet of me 
poised in the air, examine the proceedings for several seconds. The bird 
ved up to a position just in front of the scolding squirrel and remained 

ed in front of the animal for at least a full minute The hummer moved 
I t withir tel inche of the ( e] nos but the squirrel, probably too 


ich disturbed by the situation of her young, seemed almost to ignore the bird, 


ugh she once appeared to mak t thrust at the hummer when it was 
sest. Later when the squirrel was up in a tree carrying one of its young, a 
ngbi again approached it closely and chirped, but the squirrel pai ino 
lespite the nnovances 
LAC! OF COMPETITION 
Within that section of the pine s« uirrel’s range where I studied. large yredatory 
; pine sq - ge | 


peared to be rare and no evidence was secured relating to avian pred 
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Conspicuous in the habitat of the pine squirrel are Rocky Mountain jays, long- 
crested jays and, high up, Clark’s nutcrackers. I have watched all of these 
when squirrels were around, but there seemed a complete lack of mutual interest. 
Hermit thrushes have also been seen close to the squirrels without either species 
seeming to note the presence of the other. Earlier in the year, when more 
young birds or eggs were in nests, other conditions may prevail. 

Golden-mantled ground squirrels and chipmunks frequently share territory 
in common with the chickaree but do not compete for nesting sites and appear 
not to compete for food, except where it is put out for them by man. 

Where their territories coincide the red squirrel is sometimes seen fighting 
with or pursuing gray and fox squirrels, which it is supposed to dispossess, but 
the pine squirrel has no similar competitors. The red squirrel is victimized on 
occasion by birds of varied species that steal from his stores, but the pine 
squirrel stores little other than tree cones and fungi, and doubtless finds few who 
would rob him of these. 


PARASITES AND ASSOCIATES 


No exception to the rule that mammals inhabiting well built semi-permanent 
nests are supplied with a variety of external parasites, the pine squirrel never- 
theless appears little troubled with them. Three adults collected appeared free 
of these guests and none were especially heavily infested, but all fresh nests 
appeared colonized and young squirrels in the nests invariably shared several 
large fleas. The heaviest infestation found on an adult was five fleas and one 
tick. 

Fleas were found on adults, on young in the nest, and in empty nests. Dr. 
H. E. Ewing has identified these for me as Opisocrostis sp; Orchopeas caden 
(Jord); and Megarthroglossus procus J. and R. 

Ticks were recovered from two adult squirrels. One of these was attached 
to an ear, the other was free. These were not identified as to species 

Sucking lice were numerous in many nests but were not observed on adults. 
These Dr. Ewing has identified as Euhaemogamasus sp 

A spider was found within one nest, where it may possibly be commensal. 

Three shells of the snail Menetus exacuous lenticulars (Lea), identified for me 
by Mr. Rodeck, were found in a nest where I presume they were carried ac- 
cidentally with grasses and sedges from the margin of a pond at the foot of the 
nest tree. 


SOCIAL STATUS 

The red squirrel and the pine squirrel are generally considered untamabk 
and rugged individualists in work and play. The former trait is in part belied 
by a half-dozen animals that I have known that were tame enough to permit 
stroking, and the latter by a very interesting observation conveyed to me by 
Miss Margaret Gray. She noted that in the autwmn the red squirrels near her 
house carried soft old cloth up to their nests for lining. Two members of her 
family observed two squirrels moving a piece of cloth up the tree towards their 























HATT—PINE SQUIRREL IN COLORADO 345 


nest. While one went ahead and pulled, the other stayed below and loosened 
any shred that caught on the bark. This same informant tells me of one pair 
apparently the same) allowing as many as three other red squirrels to come 
to a feeding in their territory, without fighting. Even nuthatches were some- 
times allowed. Possibly such an abundance of food conditioned the squirrels’ 
reflexes! 

Injuries that might have been the resultant of fighting were not seen, except 


for one lacerated and healed ear. 
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TERRITORIALITY AND HOME RANGE CONCEPTS AS APPLIED 
TO MAMMALS 


3y WitwiAM Henry Burr 


TERRITORIALITY 

The behavioristic trait manifested by a display of property ownership—a 
defense of certain positions or things—reaches its highest development in the 
human species. Man considers it his inherent right to own property either as 
an individual or as a member of a society or both. Further, he is ever ready 
to protect that property against aggressors, even to the extent at times of 
sacrificing his own life if necessary. That this behavioristic pattern is not 
peculiar to man, but is a fundamental characteristic of animals in general, has 
been shown for diverse animal groups. (For an excellent historical account 
and summary on territoriality, with fairly complete bibliography, the reader is 
referred to a paper by Mrs. Nice, 1941). It does not necessarily follow that 
this trait is found in all animals, nor that it is developed to the same degree in 
those that are known to possess it, but its wide distribution among the verte- 
brates (see Evans, L. T., 1938, for reptiles), and even in some of the invertebrates, 
lends support to the theory that it is a basic characteristic of animals and that 
the potentialities are there whether the particular animal in question displays 
the characteristic. Heape (1931, p. 74) went so far as to say: 

“Thus, although the matter is often an intricate one, and the rights of terri- 
tory somewhat involved, there can, I think, be no question that territorial 
rights are established rights amongst the majority of species of animals. There 
can be no doubt that the desire for acquisition of a definite territorial area, the 
determination to hold it by fighting if necessary, and the recognition of individual 
as well as tribal territorial rights by others, are dominant characteristics in 
all animals. In fact, it may be held that the recognition of territorial rights, 
one of the most significant attributes of civilization, was not evolved by man, 
but has ever been an inherent factor in the life history of all animals.” 

Undoubtedly significant is the fact that the more we study the detailed be- 
havior of animals, the larger is the list of kinds known to display some sort of 
territoriality. There have been many definitions to describe the territory of 
different animals under varying circumstances. The best and simplest of these, 
in my mind, is by Noble (1939); “territory is any defended area.”? Noble’s 
definition may be modified to fit any special case, yet it is all-inclusive and to 
the point. Territory should not be confused with “home range’’—an entirely 
different concept that will be treated more fully later. 

The territoriality concept is not a new one (see Nice, 1941). It has been only 
in the last twenty years, however, that it has been developed and brought 
to the front as an important biological phenomenon in the lower animals 
Howard’s book “Territory in Bird Life” (1920) stimulated a large group ol 
workers, chiefly in the field of ornithology, and there has hardly been a bird 
life-history study since that has not touched on this phase of their behavior. 
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In the field of mammals, much less critical work has been done, but many of the 
older naturalists certainly were aware of this behavior pattern even though 
they did not speak of it in modern terms. Hearne (1795) apparently was 
thinking of property rights (territoriality) when he wrote about the beaver as 
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~~ HOME RANGE BOUNDARY ESS) NEUTRAL AREA 
~---- TERRITORIAL BOUNDARY @ NESTING SITE 
BLANK--UNOCCUPIED SPACE O REFUGE SITE 
Fic. 1. Theoretical quadrat with six occupants of the same species and sex, showing 
territory and home range concepts as presented in text. 

follows: “I have seen a large beaver house built in a small island, that had near 
a dozen houses under one roof; and, two or three of these only excepted, none 
of them had any communication with each other but by water. As there were 
beavers enough to inhabit each apartment, it is more than probable that each 
family knew its own, and always entered at their own door without having any 
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further connection with their neighbors than a friendly intercourse” (in Morgan, 
1868, pp. 308-309). Morgan (op. cit., pp. 134-135), also writing of the beaver, 
made the following observation; ‘‘a beaver family consists of a male and female, 
and their offspring of the first and second years, or, more properly, under two 


years old.... When the first litter attains the age of two years, and in the 
third summer after their birth, they are sent out from the parent lodge.”’ Mor- 
gan’s observation was later confirmed by Bradt (1938). The works of Seton 


are replete with instances in the lives of different animals that indicate territorial 
behavior. In the introduction to his “Lives” Seton (1909) states ‘‘In the idea 
of a home region is the germ of territorial rights.”” Heape (1931) devotes an 
entire chapter to “‘territory.”” Although he uses the term more loosely than 
I propose to, (he includes home ranges of individuals and feeding ranges of 
tribes or colonies of animals), he carries through his work the idea of defense of 
an area either by an individual or a group of individuals. Not only this, but 
he draws heavily on the literature in various fields to support his thesis. Al- 
though the evidence set forth by Seton, Heape, and other early naturalists is 
of a general nature, mostly garnered from reports by others, it cannot be brushed 
aside in a casual manner. The old time naturalists were good observers, and, 
even though their techniques were not as refined as those of present day biolo- 
gists, there is much truth in what they wrote. 

A few fairly recent published observations on specific mammals serve to 
strengthen many of the general statements made by earlier workers. In speak- 
ing of the red squirrel (Tamiasciurus), Klugh (1927, p. 28) writes; ‘“‘The sense 
of ownership seems to be well developed. Both of the squirrels which have 
made the maple in my garden their headquarters apparently regarded this tree 
as their private property, and drove away other squirrels which came into it. 
It is quite likely that in this case it was not the tree, but the stores that were 
arranged about it, which they were defending.’’ Clarke (1939) made similar 
observations on the same species. In raising wild mice of the genus Peromyscus 
in the laboratory, Dice (1929, p. 124) found that ‘‘when mice are placed together 
for mating or to conserve cage space it sometimes happens that fighting takes 
place, especially at first, and sometimes a mouse is killed 
the mouse at home in the cage will attack the presumed intruder.’”’ Further 
on he states, ‘However, when the young are first born, the male, or any other 
female in the same cage, is driven out of the nest by the mother, who fiercely 
protects her young.” Similarly, Grange (1932, pp. 4-5) noted that snowshoe 
hares (Lepus americanus) in captivity “showed a definite partiality for certain 
spots and corners to which they became accustomed” and that “the female 
would not allow the male in her territory (cage) during late pregnancy and the 
males themselves were quarrelsome during the breeding season.”’ 

Errington (1939) has found what he terms “intraspecific strife’ in wild musk- 
rats (Ondatra). Much fighting takes place when marshes become overcrowded, 
especially in fall and winter during readjustment of populations. “But when 
invader meets resident in the tunnel system of one of [the] last lodges to be used 
in a dry marsh, conflict may be indeed savage.’’ Gordon (1936) observed def- 
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inite territories in the western red squirrels (Tamiasciurus fremonti and T. 
douglasii) during their food gathering activities. He also performed a neat 
experiment with marked golden mantled squirrels (Citellus lateralis chysodeirus) 
by placing an abundance of food at the home of a female. This food supply 
attracted others of the same species. To quote Gordon: “she did her best to 
drive away the others. Some of her sallies were only short, but others were 
long and tortuous. There were rather definite limits, usually not more than 
100 feet from the pile, beyond which she would not extend her pursuit. In 
spite of the vigor and the number of her chases (one day she made nearly 60 
in about 6 hours) she never succeeded in keeping the other animals away.” 
This individual was overpowered by numbers, but, nevertheless, she was 
using all her strength to defend her own log pile. To my knowledge, this 
is the best observation to have been published on territorial behavior in 
mammals. I have observed a similar situation (Burt, 1940, p. 45) in the east- 
ern chipmunk (7'amias). An old female was watched fairly closely during 
two summers. Having marked her, I was certain of her identity. ‘Although 
other chipmunks often invaded her territory, she invariably drove them away 
lif she happened to be present at the time]. Her protected area was about 
fifty yards in radius; beyond this fifty-yard limit around her nesting site she 
was not concerned. Her foraging range (7.e., home range) was considerably 
greater than the protected area (territory) and occasionally extended 100 or 
more yards from her nest site.” From live trapping experiments, plotting 
the positions of capture of individuals on a map of the area covered, I in- 


terpreted (op. cit., p. 28) the results to mean that there was territorial be- 
havior in the white-footed mouse (Peromyscus leucopus), a nocturnal form. 


When the ranges of the various individuals were plotted on a map, I found 
that “the area of each of the breeding females is separate—that although 


areas sometimes adjoin one another, they seldom overlap.” Carpenter (1942) 


\ 


es thus: “‘The organized groups oI every type 


ff monkey or ape which has 
been adequately observed in its native habitat, have been found to possess 
territories and to defend these ranges from all other groups of the same species.” 
In reporting on his work on the meadow vole (Microtus pe nnsylvanicus), Blair 
1940, pp. 154-155) made the statement ‘‘It seems evident that there is some 
factor that tends to make the females occupy ranges that are in part exclusive; 

Possibly there is an antagonism between the females, particularly during 
the breeding season, but the available evidence does not indicate to me that 
they have definite territories which they defend against all trespassers. It 
seems highly probable that most mammalian females attempt to drive away 
intruders from the close vicinity of their nests containing young, but this does 
not constitute territoriality in the sense that the term has been used by Howard 
1920). Niece (1937). and others in refi rence to the breeding territories of birds.’’ 
(Ital. mine To quote Howard (1920, pp. 192-193): “But the Guillemot is 
generally surrounded by other Guillemots, and the birds are often so densely 
packed along the ledges that there is scarcely standing room, so it seems, for 


Nevertheless the isolation of the individual is, in a sense, just as 








350 JOURNAL OF MAMMALOGY 


complete as that of the individual Bunting, for each one is just as vigilant in 
resisting intrusion upon its few square feet as the Bunting is in guarding its 
many square yards, so that the evidence seems to show that that part of the 
inherited nature which is the basis of the territory is much the same in both 
species.”” Blair, in a later paper (1942, p. 31), writing of Peromyscus manicu- 
latus gracilis, states: ‘‘The calculated home ranges of all sex and age classes 
broadly overlapped one another. Thus there was no occupation of exclusive 
home ranges by breeding females.... That individual woodland deer-mice 
are highly tolerant of one another is indicated by the foregoing discussion of 
overlapping home ranges of all sex and age classes.”” Reporting on an extensive 
field study of the opossum, Lay (1942, p. 149) states that “The ranges of indi- 
vidual opossums overlapped so frequently that no discernible tendency towards 
establishment of individual territories could be detected. On the contrary, 
tracks rarely showed that two or more opossums traveled together.”’ It seems 
quite evident that both Blair and Lay are considering the home range as syno- 
nymous with the territory when in fact they are two quite distinct concepts. 
Further, there is no concrete evidence in either of the above papers for or against 
territoriality in the species they studied. It is to be expected that the territory 
of each and every individual will be trespassed sooner or later regardless of how 
vigilant the occupant of that territory might be 

It is not intended here to give a complete list of works on territorial behavior. 
The bibliographies in the works cited above lead to a great mass of literature 
on the subject. The point I wish to emphasige is that nearly all who have 
critically studied the behavior of wild mammals have found this behavioristic 
trait inherent in the species with which they worked. Also, it should be stressed, 
there are two fundamental types of territoriality in mammals—one concerns 
breeding and rearing of young, the other food and shelter. These two may be 
further subdivided to fit special cases. Mrs. Nice (1941) gives six major types 
of territories for birds. Our knowledge of territoriality in mammals is yet too 
limited, it seems to me, to build an elaborate classification of types. Some day 
we may catch up with the ornithologists. 


HOME RANGE 


The home range concept is, in my opinion, entirely different from, although 
associated with, the territoriality concept. The two terms have been used so 
loosely, as synonyms in many instances, that I propose to dwell briefly on them 
here. My latest Webster’s dictionary (published in 1938), although satisfac- 
tory in most respects, does not list “home range,”’ so I find no help there. Seton 
(1909) used the term extensively in his ‘“‘Lives’”’ where he explains it as follows: 
‘‘No wild animal roams at random over the country: each has a home region, 
even if it has not an actual home. The size of this home region corresponds 
somewhat with the size of the animal. Flesh-eaters as a class have a larger 
home region than herb-eaters.’”’ I believe Seton was thinking of the adult 
animal when he wrote the above. We know that young adolescent animals 
often do a bit of wandering in search of a home region. During this time they 


do not have a home, nor, as I consider it, a home range. It is only after they 
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establish themselves, normally for the remainder of their lives, unless disturbed, 
that one can rightfully speak of the home range. Even then I would restrict 
the home range to that area traversed by the individual in its normal activities 
of food gathering, mating, and caring for young. Occasional sallies outside the 
area, perhaps exploratory in nature, should not be considered as in part of the 
home range. The home range need not cover the same area during the life 
of the individual. Often animals will move from one area to another, thereby 
abandoning the old home range and setting up a new one. Migratory animals 
have different home ranges in summer and winter—the migratory route is not 
considered part of the home range of the animal. The size of the home range 
may vary with sex, possibly age, and season. Population density also may 
influence the size of the home range and cause it to coincide more closely with 
the size of the territory. Home ranges of different individuals may, and do, 
overlap. This area of overlap is neutral range and does not constitute part of 
the more restricted territory of animals possessing this attribute. Home ranges 
are rarely, if ever, in convenient geometric designs. Many home ranges prob- 
ably are somewhat ameboid in outline, and to connect the outlying points gives 

false impression of the actual area covered. Not only that, it may indicate a 
larger range than really exists. A calculated home range based on trapping 
records, therefore, is no more than a convenient index to size. Overlapping of 
home ranges, based on these calculated areas, thus may at times be exaggerated. 
From trapping records alone, territory may be indicated, if concentrations of 
points of capture segregate out, but it cannot be demonstrated without question. 
If the occupant of an area is in a trap, it is not in a position to defend that area. 
It is only by direct observation that one can be absolutely certain of terri- 
toriality. 

Home range then is the area, usually around a home site, over which the 
animal normally travels in search of food. Territory is the protected part of 
the home range, be it the entire home range or only the nest. Every kind of 
mammal may be said to have a home range, stationary or shifting. Only those 
that protect some part of the home range, by fighting or agressive gestures, from 
others of their kind, during some phase of their lives, may be said to have 
territories. 


SIGNIFICANCE OF BEHAVIORISTIC STUDIES 


[ think it will be evident that more critical studies in the behavior of wild ani- 
mals are needed. We are now spending thousands of dollars each year in an 
attempt to manage some of our wild creatures, especially game species. How 
can we manage any species until we know its fundamental behavior pattern? 
What good is there in releasing a thousand animals in an area large enough to 
support but fifty? Each animal must have so much living room in addition to 
other essentials of life. The amount of living room may vary somewhat, but 
for a given species it probably is within certain definable limits. This has all 
been said before by eminent students of wildlife, but many of us learn only by 
repetition. May this serve to drive the point home once more. 
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ity. She was supposed to be five vears of age when she was acquired by the 
San Diego Zoological Society. 

The accessory nipple is a rudimentary one about one-half the diameter of the 
normal nipple. It is located 1.5 inches below the right nipple on the milk line, 
and 2.5 inches closer to the midline than the normal nipple above it. Records 
of polymastia and polythelia are frequent in man, but the asymmetrical out- 
number the symmetrical ones, with the left side most often affected. In this 
Journal (February 1933, p. 66) I recorded the first case of symmetrical super- 


numerary mammae ina chimpanzee. In view of the fact that accessory nipples 





PLATE 2 


\cecessory nipple in a chimpanzee 


appear in probably one percent of human cases, in the siamang and gibbon this 
anomaly might easily be overlooked on account of the thickly haired hide, unless 
the nipple were fairly well developed in a captive animal, such as the one her 
described. I recently learned that ‘Blackie’ died during the summer of 1941. 
lam also able to record the case Ol a SUpernumMerary nipple in il gibbon \I\ 
friend and colleague on the Asiatic Primate Expedition (1937), Dr. Adolph H 
Schultz, found the first case of an extra nipple in a female Hylobates lar No. 158 
\.S8. Lam grateful to him for letting me publish it. He also found a consider 
able number of other congenital malformations in the gibbon series collected by 
the expedition at Doi Angka, N. Thailand. His field notes read: ‘‘left nippl 
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has accessory nippie, lateral to larger normal one; this animal has medium size 
nipples and small mammary glands.” Examination of the specimen shows that 
the accessory nipple after being fixed in 10 percent formalin is 2 mm to the left 
side of the base of the left nipple emanating from the actual basal tissue, making 
a sort of double nipple (fig. 1). The basal diameter of the accessory is 3 mm 
with a length of 8 mm, as compared with a base of 14.5 mm x 13 mm and a 
length of 25 mm in the normal nipple. Through the courtesy of Dr. George 
Wislocki, the accessory nipple was sectioned 

The sections reveal a slender, nipple-like structure about 8 mm long and 14 
to 2 mm in diameter. The structure consists of a central core of connective 
tissue, covered by epidermis, and continuous at its base with the corium and 
epidermis of the neighboring skin. The epidermis covering it is pigmented in 
its deepest layer, and the epidermis projects at the tip and sides more irregularly 
into the corium than in the surrounding skin. The structure possesses neither 
hairs nor sebaceous or sweat glands, although these are visible in the skin ad- 





Fic. 1. Accessory nipple in a gibbon 
jacent to the base. No duct or system of ducts can be seen in the interior of 
the appendage. The central core of connective tissue appears to be supplied 


with an excessive blood supply consisting of small, branching arteries and capil- 
laries. Small bundles of nerves can be traced into the central core. These 
last two observations suggest that the appendage in question may be erectile. 
Jeneath the structure, in the neighboring and subjacent subcutaneous tissue, 


mammary gland tissue and ducts are plentiful, but these ducts are not directly 
related to, and do not traverse, the appendage under consideration. 

In the collection of the late Major Powell-Cotton, there is a fully adult female 
chimpanzee specimen (no. M 670) that was collected in the Batouri district of 
the Cameroons by F. G. Murfield in October 1933. The skin of this animal 
shows an accessory nipple on the milk line somewhat below the normal right 
nipple. I am grateful to Mr. G. F. Pinfold of the Powell-Cotton Museum for 
sending me this information. 

It is hoped that when further cases of supernumerary mammae or nipples are 
discovered by taxonomists that they will be reported so that we can better 
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ompare this anomaly, particularly in the anthropoid apes, with similar cases 
that are so well known in man. 
\n interesting recent paper on the supernumerary breast was published Arch 


Ss . 39, pp. 936-941. 1941) by Dr. Tibor de Cholnoky in which he 


descril seudo mamma in a human male and an unusually complete breast 
i le! ! both of them located on the inns raspect of the right thigh 
Dr. Harold Speert has recently published (Quart. Rev. Biol., vol. 17, no. | 
59-68. 1942) an excellent article on supernumerary mammae, with speci 
reference to the rhesus monkey, in which he draws attention to the paucity o 
information on this subject in sub-human primates 


MIOCENE BAT REMAINS FROM FLORIDA, WITH NOTES ON THI 
GENERIC CHARACTERS OF THE HUMERUS OF BATS 


By BARBARA LAWREN(‘ 


Among the many interesting finds made by Dr. Theodore E. White at th 
(homas Farm site near Gainesville, Florida, are three humeri of primitiv: 
pertilior bats and parts of two lower jaws, probably not related to the long 

ne ry rial j mentary, but the rarity of fossil bat remains 
\( Al | if eel vortl hile stud the in aet Lf 

hout eth ar hy ositive ident or difficul Che hu 
né one slightly broker the proxin el ind one distal | 
presel undescribed gen one conside! ore primhitive tha 

re | ly ( this 1 teri dene! enti | ti tent fT hi r 

s characteristic of different genera o Su little has bee 
I nis consliade DI S yas neces | De I cCOmMmpArISO! ! 
Os y ‘ l we? nossib] (or ( the result ( } or} is the cis 
that the humerus in bats is of far greater taxonomic importance than was pr 

iously supposed This is not surprising in a flying mammal where any smal 
change in the mechanism of flight would have immediate bearing on the lif 
habits the animal Small differences in the skin and skull are, as is wel 
understood, useful for telling species and races apart; for grouping species i 
genera and understanding the larger relationships, the characters of the humerus 
and probably also those of the rest of the forelimb and shoulder girdle are of 


great importance 


Individuals from the principal North American genera were studied to dete: 
mine the differences between genera, and five species of Myotis were studied to 


determine the amount of variation that might be expected within the genus 


VW yotis was selected for this more detailed study as it is the genus most closely 


related to the two new fossil forms Specimens examined include Antrozous 
pallidus, ( orynorhinus ravine squit palle scens, Ente SiCUS fuse us, N yclice 18 h imme 


: . 
ali Lastonycteris noctivagans, Pipistrellus subflavus, Lasiurus borealis, Dasypt 
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rhe structure of the shoulder girdle and wing bones in bats has been well 
described by Miller (1907, p. 12-20), and the characters distinguishing the 
umeri of the various families given in some detail together with an account of 
their evolut igni He points out that the Vespertilionidae. in 
) ul the proportionally great developmer f the 
trochite not displaced outward, and the small epitroch 
lea supporting a high spinous proces In the course of preparing this papel 
has become apparent that, within certain broa 


d limits, there is 
above characte R 


tevilliod (1920, 


considerabl 
( iriation in all of the 


h not basing his descriptions 
zes their 


s on humeri alone. stil] rec 
importance, and in a comparison of T’aphozous and th 





lated fossil 
genus Vespertilia gives as important differences the shape and angle of the 
ead of the humerus (7.e. whether the main axis is vertical o1 inclined inwards 
position and size of the fossae for the insertion of t} 
muscles, the relation of width of distal extre 


» sub- and supr: 


spinous 

mity to length of shaft, depth of 
olecranon fossa, structure of the external condvle 
process of the epitrochlea In the same paper, (p. 116-117), he « ympares the 
two Molossidae of different gen 


V oloss e pherir ] 


— ae 
ind size of the sty'o1 


1 (spinous 


scurus and Nyctinomus 
tehlir In these he considers the less lengthened head of the humerus, broad 
berculum minus (trochin), larger trochlea, and shorter stvloid spinous) proc 
ess as differential and more primitive characters of the latte) As regards the 
Vespertilionidae, most of Revilliod’s characters are equally diagnostic of genera, 
f pt } haps the development of the spinous process of the epitrochlea: this 
Myotis at least, varies markedly within the genus. The position of the 
Oss x the insertion of the sul supra-spmous muscles varies the least 
ne genus to the next 
ECEN'Y I M 
general, humeri of Myot fig. 1 A-D) m he tinguished from those o 
tne Vespe rtilionidac b the slende il Lu minimum d rsal idt} 
ess than 50 percent that of the piphyses and the nearly equal width of thi 
epiphvses In the species examined the dorsal width of the shaft is between 
36 and 43 percent that of the distal epiphysis and bet een 33 and 39 percent 
that of the proximal; the width of th listal epiphysis is between 89 ind 97 
eres tha oOo} the proximal 
Viewed from in f 


iront, t} eww hole uppel 


vhile in profile the shaft is nearly straight 


ft is tilted slightly inward, 


ll Some Sry cies. as aust “OTLparuus 
and fuqus, and slightly concave backw: rds in others The head 1S relatively 
arge,. Oo’ | 


al to nearly round, with a sligh 


} 
ma 
trochiter. 


ttening of the outer uppel side The 
as compared with that of other members of the family, is low in rela 
tion to the head, and the lateral ridge from the trochin extends for three-quarters 
the length of the deltoid crest (see fig. 1, A5 Distally, the proportional de 
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Fic. 1. Left humerus in Myotis grisescer A anterio 
distal external views; E, F, G, H, th 


§ posterior, C distal internal, D 


same in Miomyotis floridanus, (E, F, H, type; G 


holotype); I, J, K, L, the same in type of Suaptenos white 

For all figures: 1, trochiter; 2, fossa for insertion of subspinou muscle; 3, trochin; 4 
head: 5, lateral ridge from trochin; 6, radial fossa; 7, ridge « capitellum; 8, epitrochlea; 9 
spinous process of epitrochlea; 10, tro hlea: 11, capitellum; 12, groove separating trochle 
from spinous process; 13, reentrant proximal to ridge of capitellum; 14, median fossa of 
epitrochle: - 15, rounded portion ol capitellum; 16, olecranon fossa Length X2; distal 


extremity X15 
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velopment of capitellum and trochlea, shallow radial fossa, olecranon fossa 


reduced to a faint depression, great development of the epitrochlea supporting 


] 
iC 


a blunt styloid process which is separated from the trochlea by a distinct but 
llow groove, slight backward tilt of the combined epitrochlea and spinous 


sha 
process when seen from the side, and deep reentrant proximal to the ridge of 
the capitellum (fig. 1, D13) are all conspicuous features of the genus. The 
grooves and ridges of the articular surface are shallow and low and roughly 
parallel to the main axis of the shaft. Specific variation is found in the amount 
of antero-posterior curvature of the shaft, width of the epitrochlea and size 
of the styloid process, amount of lateral displacement of the distal articular 
surface, details of points for insertion of muscles on epitrochlea and styloid 
process, and shape of trochiter and fossae for insertion of sub- and supra-spinous 
muscles 

Among the other North American genera, variation from the Myotis-like 
humerus is in two directions. On the one extreme is the less specialized type 
found in Antrozous, (fig. 2, A-D), on the other, the highly specialized type 
found in Lasiurus, (fig. 2, E-H). Antrozous has a narrow shaft and broad, 
equally developed epiphyses (width of shaft about 37 percent that of both proxi- 
mal and distal epiphyses); viewed anteriorly, the shaft has a slight S-curve; 
from the side the distal curvature of the shaft is more pronounced than in Myotis 
and is somewhat compensated for by a slight reverse curve proximally. The 
trochiter is low; small head, round; combined capitellum and trochlea, relatively 
narrow; the broad epitrochlea supports no spinous process; olecranon fossa, 
absent; radial fossa, extremely shallow. Corynorhinus is in many ways similar 
to this, only less extreme. The shaft is broader in comparison to the epiphyses 
width of shaft about 47 percent that of distal epiphysis and 40 percent that of 
proximal), and the distal epiphysis is slightly narrower in relation to the proxi- 
mal than in Myotis (about 86 percent that of the proximal). The curvature 
of the shaft as seen from the front is greater than in Antrozous; from the side, 
less. However, this character is specifically variable within certain limits. 
The trochiter is low, and the shape and relative size of the head about as in 
Myotis, as is the faint suggestion of an olecranon fossa; the very shallow radial 
fossa is more like that of Antrozous. The epitrochlea is only slightly narrower 
in proportion to the articular surface than in Antrozous and supports no spinous 
process. In both genera the ridges and grooves of the articular surface are in 
general M yotts-like. 

Eptesicus, although it resembles Antrozous and Corynorhinus in its low tro- 
chiter and lack of a spinous process, is no closer to these two than it is to Myotis. 
In the small size of the head it resembles Antrozous, in proportional width of 
shaft and epiphyses, Corynorhinus. The radial fossa, however, is larger than 
in either; the epitrochlea proportionally, smaller. Nycticetus is not significantly 
different from Eptesicus in outline and proportion of distal to proximal epiphyses; 
the shaft itself is slightly narrower in relation to the epiphyses. In shape of 
head and height of trochiter the two are very close. Distally the epiphysis 


resembles in many ways that of Lasionycteris, for the small epitrochlea, the 
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nent of this and the low spinous process, as well as the deeper 


we have a slight aevelopment of a type that finds its extreme 
he former, the distal epiphysis is narrower in relation to the 
ation to the head than in Myotis; the head 
ed inwards; the lower internal side slightly 
markedly so; the groo’ » separating trochin 
- the shaft even more curved, both from front 





Distally, the articular surface is wide, the 


:all epitrochlea supports a low spinous process, which is situated 


han laterally. This shifting in position of the spinous process 
an antero-posterior expansion of the epitrochlea, which forms 
the inner side of the olecranon fossa and is continued along 
lo The grooves of the trochlea and capitellum 


er than in V/ yofl although roughh parallel to the main axis 


pist presents another stage in the deve lopm« nt of this 
proximal epiphysis is even larger in relation to the distal, 

nd a small elongated head flattened on the upper external 

side When seen from the anterior side the small epitrochlea 
mee he trochlea: there i small knob-like spinous process. 
face has shifted fi rd without an accompanying 

haft so t posteri on the internal upper border of the 
leep pocket is formed hich receives the sharpened edge of 

1 | ( ng k of the spinous process, 

tan peng i l 17 tne natt The radia fossa is deep 
nie ge ] ch greats in diameter than 

é h] oove is at an angle to the 

< nme} this type of humerus and in 
les the Old Wor genus Nycta Both have a straight, 
in comparison t the distal epiphysis (in VN yctalus width of 
ent that e distal epiphvsis: in Lasiurus, about 62 per 

epi sis nl er in comparison to the distal (in 

( he dist ( ph sis 18 about 65 peret nt tl it ol the proxi 
62 pe he trochiter is almost as high in relation 

as in the Molossidae; the head is o il and flattened, inclined 
nnecting ridge rather than a groove between its upper, internal 
hit Distallv, the broad articular surtace al d deve lopm«¢ nt of 
anon fossa to receive the edge of radius and ulna, apparent 

¢. 2. I-1) is quite unlike any other vespertilionid genus exam 
il \ Vs intermé liate between this family and the Molossidae 


development distally of the olecranon fossa (see fig. 2, J16) is 


in Lasiv only much more extreme, and is distinct in that 
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EPTESICUS FUSCUS 
OSCEOLA 


Socket for I, 


largest. I; 
somewhat 
crowded 
forward, I. 
flattened 
anteriorly. 


About same size 


as socket for 
anterior root 
of Pm,. 


Not flattened 


antero- 
posteriorly 
and scarcely 
broader than 
long. 


Anterior socket 


slightly 
smaller than 
posterior. 


Rounded. 


Socket for ant 


terior root of 
M, somewhat 
larger than 
that for 
posterior root 
of Pm, 


Jaw notabruptly 


narrowed an- 
terior to 
canine. No 
ridge. 


LARGE FOSSIL M.C.Z. 4057 


Sockets for I, 


& I; equal in 
size and 
rounded; 
smaller socket 
for I, flattened 
between them. 


Larger than 


socket for 
either root of 
Pm,. 


Flattened 


antero- 
posteriorly 
and markedly 
broader than 
long. 


Sockets same 


size. 


More flattened 


and com 
pressed. 


Socket for ant 


terior root of 
M, conspicu 
ously larger 
than that for 
posterior root 
of Pm, 


Jaw anterior to 


canine not 
abruptly nar- 
rowed, twice 
as wide as 
socket for I, 
and having a 
ridge that 


TaBLe 1—Comparisons of lower jaws in fossil and Recent bats 


SMALL FOSSIL M.C.Z. 4058 | NYCTICEIUS HUMERALIS 


Sockets subequal 
in size, round, 
I; not markedly 
crowded out of 
line. 


Missing. 


Asin large fossil. | Slightly smaller 
than socket for 
either root of 
Pm, 


As in large fossil. Round 


As in large fossil. | About as in £. f. 


osceola 


As in large fossil. | Anterior slightly 
flattened. 


Socket for an 
terior root of 
M; not conspic- 
uously larger 
than that for 
posterior root 


of Pm, 


As in large fossil. 


Missing Jaw abruptly nar- 
rowed anterior 


to canine 
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LARGE FOSSIL M.C.z. 4057 SMALL FOSSIL M.C.z. 4058) NYCTICEIUS HUMERALIS 
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it receives the sharpened edge of the ulna only. The long low deltoid crest is 
characteristic of the Vespertilionidae. The extremely long curving spinous 
process, deep trochlear groove, deep radial fossa, and narrow epitrochlea are 
characteristic of the Molossidae; the first two features are even more extreme 
than in any other molossid genus examined. 


FOSSIL HUMERI 


Of the two new Miocene genera, the larger and apparently more primitive 
may be known as: 


Suaptenos, gen. nov. 


Diagnosis.—Humerus with trochiter slightly higher than head, about equal 
in breadth to trochin, and having a third fossa above that for the insertion of 
the subspinous muscle and posterior to that for the insertion of the supra 
spinous muscle; distal articular surface displaced laterally so that a vertical 
from the edge of the trochlea falls on the narrow portion of the shaft instead of 
external to it; epitrochlea well developed, supporting a blunt spinous process 
separated from the trochlea by a distinfet groove; posterior margin of combin 
epitrochlea and spinous process tilted back forming an obtuse angle with main 


axis of shaft; ridge of capitellum small, 


projection of upper margin low, when 
seen in profile, not as high as rounded portion of capitellum in front of radial 
fossa (see fig. 1, L15), depth of reentrant on outer side immediately proximal 
to ridge less than half thickness of shaft at this point 

Comparisons—Suaplenos, when compared with Myotis, has the relation « 
width of distal extremities to each other and to width of shaft almost as in th 
latter, with the proximal epiphysis relatively a little narrower than in the Re 
cent genus. Seen from in front, the proximal end appears less tilted, although 
owing to a break in the shaft, it is difficult to establish this point conclusively) 
in side view, there is more curvature of the shaft in the fossil form. The large: 


head is similar in shape to that of Myotis, but both trochiter and trochin ar 


relatively low and the groove separating the latter from the head is shallov 


Distally, the articular surface is more displaced laterally than in any Myotis 
examined; the epitrochlea, broader; the distinct, though short and truncated, 
spinous process, entirely lateral, separated from the trochlea by a well marked 
groove. Of the various genera examined, this groove is found only in Myotis 
and is better developed in some species than in others, although, owing to the 
posterolateral position of the reduced spinous process, it never extends up th 
dorsal side of the shaft as it does in Suaptenos, in which it extends for about two 
thirds the height of the epitrochlea. In the latter, the combined epitrochlea 
and spinous process tilt back away from the main axis of the shaft as in Myot 
and the grooves and ridges of the articular surface are parallel to this axis. In 
reduction of the olecranon fossa, Suwaptenos resembles Myotis, but the radial 


fossa is peculiar in having a median transverse ridge separating a low, broad, 


relatively deep distal portion from a much shallower proximal one. The latte 
appears to be more closely connected with the trochlear margin and it is possible 
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that this is the remnant of the ulnar fossa which in Recent forms, with the 
exception of Lasionycteris, is entirely merged with the radial. 


Suaptenos whitei, sp. nov. 


Type.—Humerus, M. C. Z. no. 4056; Lower Miocene, Hawthorne formation; 
Thomas Farm, 15 miles west of High Springs, Gilchrist County, Florida; col- 
lected by Theodore E. White, 1942. 

Diagnosis.—Suaptenos whitei may be distinguished by its large size (length 
of humerus 29.1 mm); curving shaft as seen in side view; proportionally broad 
epitrochlea (about 30 percent of total width of distal epiphysis); broad blunt 


spinous process not extending below capitellum, groove between it and trochlea 


moderate; deep median fossa on the epitrochlea, (see fig. 1, K14) bounded pos- 
teriorly by a sharpened margin. The trochiter is elongated anteroposteriorly 
with basal portion not constricted and with only a slight concavity where it 
merges with the outer edge of the deltoid crest; fossa for insertion of the sub- 
spinous muscle exceptionally deep with a sharp projection at its antero-in- 
ferior edge. 


The smaller Miocene genus may be known as: 


Miomyotis, gen. nov. 


Diagnosis Humerus with distal articular surface not displaced laterally, 
vertical from eda of trochlea falls external to shaft: epitrochlea moderately 
leveloped, supporting a blunt spinous process, separated from trochlea by a 
groove, with a sharpened inner edge overhanging the groove; posterior margin 


of combined epitrochlea and spinous process in line with main axis of shaft; 
ridge of capitellum as in Suaptenos, depth of reentrant proximal to this greater 
than half the thickness of shaft at this pe int: trochlear groove and ridge of 
capitellum not parallel with main axis of shaft 

Comparisons.—Compared with Suaptenos, Miomyotis differs chiefly in the 
proportionally broader articular surface and narrower epitrochlea. The actual 
shape of the spinous process, somewhat curving forward and overhanging the 
groove separating it from the trochlea and forming a raised, sharpened margin 
as seen from in back is quite distinctive. The shaft is straighter in Miomyotis, 
both in front and side views, the radial fossa deeper and broader. The head 
of the shaft is unfortunately somewhat broken, but the trochiter appears to be 
narrower than in Suaptenos and the ridge from the trochiter long, as in Myotis. 
In smaller size of the epitrochlea and position of the distal articular surface in 
relation to the shaft, it resembles Myotis more closely than does Suaptenos. 


Miomyotis floridanus, sp. nov. 


Type.—Humerus, M. C. Z. no. 4055; Lower Miocene, Hawthorne formation; 
Thomas Farm, 15 miles west of High Springs, Gilchrist County, Florida; col- 
lected by Theodore E. White, 1942. 


Diagnosis.—Miomyotis floridanus may be distinguished by its medium size 


length of humerus 24.8 mm); shaft nearly straight as seen in side view; epi- 
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trochlea narrow (about 20 percent of total width of distal epiphysis); small 
spinous process extending below as far as capitellum, groove between it and 
trochlea deep; shallow fossa on epitrochlea with upper posterior margin not 
sharpened but merging gradually with back of shaft. Trochlear groove and 
ridge of capitellum at a slight angle to main axis of shaft 
DISCUSSION 

The discovery in the early Miocene of Florida of representatives of the Myotis 
group of the Vespertilonidae is not surprising. Myotis as a genus is well repre- 
sented as early as the middle Oligocene in Europe and various allied genera 
have been described from even earlier formations. Chief among these, and 
coming from the Quercy deposits of the late Eocene and early Oligocene, is 
Xevilliod’s Nycterobius gracilis (1922, pp. 133-136), based on cranial fragments 
and said to be not unlike Myotis. Of the various vespertilionid species men- 
tioned by Revilliod (op. cit., p. 179), but not assigned to genera, all are very 
fragmentary and none include humeri. Two humeri from Quercy not identified 
even as far as family are also figured (op. cit., p. 155, figs. 61, 62) and bear little 
resemblance to the Florida material. Humerus “a” is described (op. cit., p. 
154-156) as resembling most closely Miniopterus, although he felt the material 
not sufficient actually to include it in this genus. Humerus “b” (op. cit., p. 
p. 156) has the proximal end broken, only a short section of the deltoid crest 
remaining. The distal end is said to be similar in general to that of Myotis, 
although the greater development of the epitrochlea is reminiscent of Vespe 
tiliavus from Quercy. From the figure given, it appears that this humerus is 
not as close to Myotis as was originally believed. The width of the epitrochlea, 
the deep valley separating it from the trochlea, the rounded capitellum, and 
proportionally small articular surface markedly) displaced iaterally, as well as 
the broken stub of a well-developed spinous process are all quite different not 
only from Myotis but also from other Vespertilionidae examined. The distal 
portion of a small humerus from the Oligocene of Frankfurt a. M. is also figured 
(op. cit., p. 157, fig. 63) and described as being reminiscent of Miniopterus, al 
though the figure does not make this resemblance entirely clear. That a typical 
Myotis humerus was developed as early as the late Oligocene in Europe is show 


4 


by the fragment of a distal end figured by Schlosser (1887, pl. 2, fig. 43) as Ves 
pertilio insignis and quite properly assigned by Revilliod (1922, p. 166) to the 
genus Myotis. Thus the evidence is that at this early date Myotis had assumed 
its characteristic form, and the genera Suaptenos and Miomyotis should be 
considered, not as ancestral to Myotis, but as allied, more primitive genera, 
which have not survived to the present 

From North America the scanty records of Tertiary bats include no previous 


mention of any Myotis-like genera, nor, with the exception of Jepsen’s as yet 
undescribed Green River Eocene skeleton, any conclusive evidence of bat r 
mains from as early as the Lower Miocene Matthew (1917, p. 569), reviewing 
the status of Marsh’s genera Nyctitherium and Nyctilestes and of Cope’s V espe 


ugo, summarizes thus: ‘‘In North America no conclusive evidence of Tertiary 
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bats has hitherto been recorded.” He then describes Zanycteris paleocenus 
from the Upper Paleocene or lowest Eocene as the earliest chiropteran on record. 
In a later discussion of the type, G. M. Allen (1939, pp. 176-177) indicates that 
the specimen, almost certainly not a bat, is probably an insectivore. Two more 
recently described vespertilionid genera are interesting in that they belong to 
groups, which, from the European record, appear to be old. Mystipterus ves- 
pertilio Hall (1930, p. 319), from the Lower Pliocene or Upper Miocene of Fish 
Lake Valley, Esmeralda Co., Nevada, is based on a lower jaw fragment with the 
last molar in place, and most closely resembles the Recent genus Miniopterus, 
although the author is careful to point out that such evidence is not sufficient 
to establish a “near genetic relationship.”’ Simonycteris stocki, referred to 
below, is a relative of Eptesicus. Study of these Florida humeri corroborates 
in an interesting way Revilliod’s and Miller’s statements as to the primitive 
nature of the genus Myotis. That the genus is geologically old has already 
been amply demonstrated by the number of species found in European deposits 
beginning with those from the middle Oligocene. Discovery of these two re- 
lated genera with such characters as a low trochiter, rounded head, proportion- 


ally broad distal epiphysis, and broad epitrochlea lend further credence to the 
theory that this type of humerus is a primitive one, as do the various observable 


stages of development, starting from a Myotis-like humerus and culminating in 


the Lasiurus type with its highly specialized locking mechanism in the elbow 
joint Just what bearing this mechanism has on the method of flight is yet to 
be worked out. It appears clear, however, that it eliminates almost entirely 
any such rotation of this joint as is found in birds, giving it instead a hinge 
ction and, on the down stroke, considerable rigidity That it is found in the 
narrow-winged strong-flying bats, some of which are known to migrate long 


distances, seems to indicate that this type of humerus is a specialization of the 


more primitive one directly related to increased flying ability. If such is the 
case, the early appearance of the highly specialized sub-family Miniopterinae 
is most interesting 


FOSSIL JAWS 


Associated with the humeri, but probably generically different, are fragments 
of the anterior parts of two lower jaws without teeth The larger is complete 
from the posterior socket of Mz to the mental symphysis, the smaller from the 
anterior socket of Me to the canine The alveoli are in rood condition, the 
smaller jaw even includes the roots of Pmy,, and it is possible to determine that 
’ 


both individuals had two premolars, the second one double rooted Of the 


arious vespertilionid bats with this tooth formula, the fragments at hand most 
closely resembl KE pte SiCcUs fuscus in massiveness, relative size of the alveoli, 
and shape of the jaw anterior to the canine; in length of tooth row they are close 
to N yctice tus h ime ralis. 

Both fossil jaws are smaller than in the Recent Florida form, E pte SiCUs fuscus 


osceola, and the even large! Pleistocene /  f grandis: the appare nt lack of reduce- 


tion of Pm; as well as the more even size and spacing of the alveoli of the 
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incisors indicates a somewhat more primitive form, although any specific or 
generic diagnosis based on such fragmentary material would be entirely inade- 
quate. An Eplesicus-like bat from the Pliocene, Simonycteris stocki, was de- 
scribed by Stirton (1931, pp. 27-30) from the San Pedro formation of Arizona. 


The name is based on a fragment of palate and rostrum and the genus is dis- 





tinguished from Eptesic chiefly by its facial angle and shortened 
rostrum he compressed flattened sockets in the Florida specimens suggest 
: ’ ’ ‘ 4] too 4 f.3 : 1. j 
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and the Florida ja‘ The figures of this material in Gervais (1848-52. pl. 44. 
‘ : : ' ; 
fig r ho t} sockets for the premolars are less compressed and m¢ 
rounded than in the Florida fossils, resembling Eptesicus in this respect Ther 
IS also definite sp between the canines and the incisors, and the latte 
not crowded Particularly in the specimen figured as 7 and 7a, the jaw anterio 
to the canine appears elongated and the widely spaced sockets for the incisor: 
subequal in size, differing in this from both Eptesicus and the Florida foss 
LW lr he high anterior position of the small mental foramen ther 
marked resemblance to the large Florida specimen. The genus Samo 
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showing through somewhat Feet white; tail sharply bicolor, narrowly dusky above and 
white below 
TT Re : 4 ; i¢ nf » fa y Pur . - ’ ° 
easu ents ‘ , 5: 1 46: nd foot 29: ear ym notch (dr 5. Sk 
Vea rements Total length 185; tail 46; hind foot ds ¢ from notch (dry) 16.5 Skull 


greatest length 32.4; basal length 31.2; zygomatic breadth 17.5; breadth of braincase 14.8; 





ints rorbital constriction 4.1; median Is ngth of nasals 12.5; greatest breadth of nasals 1.7: 


width of zygomatic plate 3.8; diastema 7.4; palatal slits 6; maxillary toothrow (crowns) 6.5. 
Remarks.—When the single specimen of this very extraordinary mouse was received, its 
peculiarities were noted but on account of its short tail and its high Andean habitat it was 


| 
thought that it might be allied to Galenomys garlep nother rare Andean species then 





from the type which is in the British Museu Recently, however, Field Mu 
seum has received an excellent specimen of Galenon marleppi coll ted by Francisco Stein 


bach at the type locality on Mount Sahama, Bolivia. This proves to be wholly different 


Punomys and clearly allied to Phyl or Auliscomy Externally it resembles 
in its large leafy ears and silky pelage and its dentition is not peculiar. Its hairy 
f er eh, + nd ite rehe eka] h sligl r lont i isors mav entitle it to 
g or subgeneric recognition, but it finity to Phyll nd Au ymys is obvious 
The pelage in Punomys is without n h glossines nd is very long, very soft and, al 
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nner in which the surface iain | t produc flat surface as 
ther cricetines, but eff I trough bounded on eitl 
R the seris , i} cusps ( bh is might | lu I yntogenetic 
nmental basis in the sing! probable that 
S ~ t rt es I he pr 
ms I g VW ne studi 1 j li ] 
P 9 newly cut teetl rt} lig ma y B md thie inarenead 
ige extinct er I I 
I ry Panor hoser ts tl } ss il puri 
the pur — hig 3 of Peru and Bx here this ar 








372 JOURNAL OF MAMMALOGY 


THE RACES OF THE OCELOT AND MARGAY IN 
MIDDLE AMERICA 


By E. A. GoLpMAN 


In ‘‘The Races of the Ocelot and the Margay”’ Pocock (Zool. Ser., Field Mus. 
Nat. Hist., vol. 27, pub. 511, pp. 319-369, Dec. 8, 1941) records the results of 
‘An effort to disentangle some of the knots of difficulties in the determination 
and distribution of the described local races of two American tiger cats... .” 
His paper has been the chief incentive to the writer to undertake at the present 
time further elucidation of the geographic races in Middle America, especially 
in view of lack of agreement with Pocock’s disposition of some of the “knots” 
in the process of disentanglement. 

These cats have been in urgent need of further revision and they remain im- 
perfectly known, owing in part to the need for more ample material, especially 
to fill gaps in the known ranges of subspecies. 

The ocelot appears to be fairly common throughout most of its range in Middle 
Ameri 


A third group of very small tiger cats extends north from South America and is 


ca, but the margay which is similarly dispersed, is a much rarer animal 


represented in Costa Rica by the form currently recognized as Felis pardinoid 
oncilla It requires no consideration in this connection. 
On the basis of extremely scanty specimen material and statements from litera- 


ture, Pocock has arrived at conclusions regarding Middle American tiger cats 


that are obviously at variance in several particulars with the facts as shown by 


the limited, but more ample number of specimens available in American mu 


seums. Of Felis pardalis pardalis Linné, of Veracruz, he says (op. cit., p. 343 


The published information about this race is meager and unsatisfacto 





ere are no s mens in the British Museum, apart perhaps from a skir 
vithout skull, doubtfully assigned to it, from Duefias, Guatemala....’’ Then 
follows a description of this skin, statements from literature, and an attempt t 
justify the placing of Felis pardalis nelsoni of Colima, western Mexico, in the 
synonymy of typical pardali: In describing two new ocelots from Mexic 
Jour. Mamn ol. 6, pp. 122-124, May 12, 1925) I did not mention all of 


the material used fon comparison, but pointed out how the great we lge formed 
by the Mexican highlands splits the northern part of the range of this essentially 


tropical group in a manner bearing significantly on subspeciation. Felis pa 
dalis nelsoni was based on 5 skins and skulls from Colima, supplemented by 15 
mainly skins, from Guerrero and Oaxaca. These were compared with 6 skins 
and 10 skulls, including adults of both sexes from Veracruz, and other specimens 
believed to represent typical pardali 

With discussion similarly unconvincing to me Pocock (op. cit., p. 346) assigns 
Ie pardalis sonorien of Sonora to the synonymy of Leopardus pardal 
Leopardus griseus was briefly described by Gray (Ann. Mag. Nat 
Hist., vol. 10, p. 260, 1842) as from “Central America.”’ Twenty-five years 
later Gray (Proc. Zool. Soc. London, 1867, p. 270) in notes on the skulls of the 


I elidae listed the species as Pe lis grisea and the habitat was recorded as ( ruate- 
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mala. The dimensions of the skull were given as length 5} inches; width 33 
inches. On page 403 in the same volume the animal was more fully described, 
and he said: ‘‘“My Leopardus griseus differs from the other Ocelots in having a 
grey fur with whitish sides.”” Two years later still Gray (Cat. Carn. Pach. 
t. Mamm. 1869, p. 19) again listed Felis grisea, with Guatemala as habitat. 


I 


| 

Felis picta, originally described by him as Leopardus pictus on the same page 
with Leopardus griseus, and like it ascribed to Central America, retained its 
habitat designation unchanged. Ina review of the nomenclature of the ocelots 
Mearns (Proc. U. 8. Nat. Mus., vol. 25, p. 245, Sept. 17, 1902) refers to Gray’s 
statement that Leopardus griseus came from Guatemala and says: “I am un- 
ible to identify it with any of the forms I have examined.” In a more complete 
treatment of the group: ‘“‘Notes on the Synonymy and Nomenclature of the 
Smaller Tiger Cats of Tropical America,” J. A. Allen (Bull. Amer. Mus. Nat. 
Hist., vol. 41, p. 345, Oct. 3, 1919) says: ‘““Two names [Leopardus griseus and 


Leopardus pictus| had been given to ocelots of the pardalis group from Central 


America previous to Mearns’ description of his Felis costaricensis, but they prove 
very difficult to identify and have thus far been held in abevance.”’ Leopardus 
is assigned by Pocock (op. cit., p. 322) to the synonymy of Leopardus 


nardali brasiliens Oken 
\s the skin and skull of the type of Leopardus griseus are still extant, the name 
cannot, of course, be ignored. Pocock remarks (op. cit., p. 346) that he can 


find no justification for Gray’s statement in 1867 that the type came from Guate- 


mal Gray repeated the statement in 1869, but did not revise the habitat 
| for Leopardus pictus, described with griseus from ‘‘Central America,’”’ and 
een reasonable to assun that some additional information regarding the 

pe locality may have been received by him. Some support for a conclusion 
nat iseus came from Guatemala is the close approach of the skull of the type, 
lt female, in total lengtl 126 mm) as given by Pocock op. CU., p. 348), 


that of a female about full grown (total length, 125.8 mm) in the American 
Museum of Natural History, from Finca Cipres, altitude about 2,000 feet, at 
the Volean Zunil, some 9 miles from Mazatenango, southwestern 
Guatemala. The Finca Cipres specimen and another in the same museum from 
Finea El Espino, altitude 150 feet, 15 miles south of Mazatenango, examined 
me, were recorded as Felis pardalis pardalis by Goodwin (Bull. Amer. Mus. 

t. Hist., vol. 48, p. 22, Dec. 12, 1934 They agree closely not only in color 
but in size and cranial details with examples from Veracruz. In treating these 
specimens Goodwin mentioned the possibility of relationship to Leopardus griseus 
of Gray, which has proven to be “difficult to identify.”” Pocock, on the other 
hand, associates the type of griseus with material from Mazatlan, Sinaloa. De- 
tailed comparisons are made and he says (op. cit., p. 348): ‘“The closeness of the 
likeness in shape and dimensions between the adult female skulls of the type 
and of the example from Mazatlan is quite unusual even in skulls of the 

same sex, race, and locality.” In a group of four fully mature female skulls, 


however, including two old adults from Escuinapa, about 50 miles southeast of 


lazatlan, Sinaloa, among those examined by me in the American Museum 
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of Natural History the average total length is 118.5 mm and the extremes 115.5 
to 122.5 mm. The total number of specimens available for comparison from 
Escuinapa is 24. These include old adults of both sexes and afford a fairly clear 
idea of the scope of individual variation. The series appears to be referable 
to nelsoni which doubtless passes into sonoriensis not far to the northward. 
Typical sonoriensis from beyond the northern limit of the Tropical Zone is 
still smaller. It may be pointed out that the skull of the fully adult male type of 
sonoriensis measures only 125.8 mm in total length, which is slightly less than this 
dimension (126 mm) in the female type of griseus. When the sex disparity in size 
is considered the significance of this difference becomes apparent. It is true that 
ocelots from the northern ends of the range of the group average grayer than 
those from farther south, but individual variation in color and arrangement of 
spots is remarkable everywhere. Not only are there no two individuals exacth) 
alike, but the spots differ in detail from the median line down over the two sides 
of the same animal. Selected specimens from such widety separated region: 
Veracruz, Guatemala, Sonora and Texas, representing three geographic races 
are practically indistinguishable in grayish ground color. As further evidence 
in regard to color, Hamilton Smith’s Felis ocelot No. 3 was based on a pale spec 
men called Felis griffithii by Fischer in 1830, and renamed Felis canescens by 
Swainson in 1838. These names are properly, treated by Pocock as synonyms 
of typical pardalis. The color of the skin of the type of griseus which, as Pocoe!l 
remarks, is “a century old and was formerly exhibited as a mounted specimen’ 
can, therefore, hardly be accepted as diagnostic. Three skulls of adult female 
of pardalis range from 121.5 to 132.5 mm in total length. In the apparent 
sence of any known diagnostic character, or more definite information in rega 
to the type locality for griseus, Guatemala should apparently be accepte l as tl 
type region and the name may be placed in the synonymy of typical pardal 
The ocelot is very similar to the margay in spotted pattern of coloration, but 
is much larger, more robust, with a shorter tail Che skull is more angular at 
massive, with a more prominent sagittal crest extending normally to the frontals 
The two species have been treated by some authors, including Pocock, as generi 
cally different from Felis. In the more essential cranial characters, howeve 


the differences from Felis are so narrowly quantitative instead of qualitative 


that generic recognition seems unwarranted. Possibly the differe 
pattern may justify the use of Leopardus as a subgeneric name. 

Among the unidentifiable or not clearly assignable names that may be associ 
ated with members of the Felis pardalis group are the following: 


1792. Felis mexicana Kerr, Anim. King. no. 274, p. 151, 1792. Based on Pennant’s 
account, and that in turn in part on the Tlalocelotl of Hernandez. Regarded 
as not determinable by Allen (Bull. Amer. Mus. Nat. Hist., vol. 7, p. 188, June 
20, 1895 

1816 Felis mexicana Desmarest, Nouv. Dict. d’Hist. Nat vol. 6, p 112, 1816 edition 
[original date of publication about Feb. 4, 1803—See Osgood, Proc. Biol. So 
Washington, vol. 27, p. 3, Feb. 2, 1914 Based on the ‘‘Chat Sauvage de 
Nouvelle -Espagne”’ of Buffon (Hist. Nat., Sup., vol. 3, p. 227, pl. 43, 1776), 


which might be confused with the ocelot. Buffon himself (op. cit., p. 228) re 
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garded this as the same as the Serv 


(Hist. Nat., vol. 13, p. 236, pl. 34 


1816. Planthera|) mexicana Oken. Lehrb 
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See Osgood, Jour. Mamm., vol. 1, no. 2, p. 88, 


Felis ocelot No. 3, Hamilton Smith in Griffith’s Anim. Kingd., Mamm.., vol. 2, p. 476, pl., 1827 

Felis griffithii Fischer, Synop. Mamm. Addend., Emend. et Index, p. 369, 1830. Based 
on a pale specimen in the Bullock Collection, probably from Veracruz, Mexico 

Fe canescens Swainson, Anim. in Menog., p. 118, 1838 Felis ocelot No. 3, Hamilton 
Smit 
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Leopardus griseus Gray, Ann. Mag. Nat. Hist., vol. 10, p. 260, 1842. From ‘‘Central Amer- 
ica.’? Ascribed to Guatemala by Gray, Proc. Zool. Soc. London, 1867, p. 270. 

Felis pardalis True, Proc. U. 8. Nat. Mus., vol. 7, p. 610 (1884) 1885. 

Felis pardalis pardalis J. A. Allen, Bull. Amer. Mus. Nat. Hist., vol. 22, p. 221, July 25, 1906 

Felis griffithii Osgood, Jour. Mamm.., vol. 1, p. 90, Mar. 2, 1920. 

Leopardus pardalis pardalis J. A. Allen, Bull. Amer. Mus. Nat. Hist., vol. 41, p. 345, Oct. 3, 
1919. 

Leopardus pardalis pardalis Pocock, Zool. Ser., Field Mus. Nat. Hist., vol. 27, Pub. 511, 
p. 342, Dec. 8, 1941. 


Type locality.—State of Veracruz, Mexico 

Distribution.—Tropical lowlands and eastern slopes of the interior plateau in Veracruz 
south across the Isthmus of Tehuantepec and east through Tabasco, Chiapas, and Guatemala 
to Honduras (Balfate 

General characters.—Size medium or rather large; general body color, size, shape, and 
arrangement of rosettes variable, as is usual in the group; interspaces between rosettes over 
dorsum varying from buffy gray to near ‘“‘cinnamon’”’ (Ridgway, 1912) ; skull massive ; braiz 
case broad ; zygomata widely spread posteriorly, narrowed anteriorly ; lambdoid crest moder 
ately upturned; dentition moderate. Size usually smaller than in mearnsi of Costa Rica; 


color averaging paler and grayer, less tawny; skull smaller, less elongated; lambdoid crest 


more upturned. Similar in size but tending to be larger than albescens of eastern Texas and 
neighboring territory ; pelage shorter; colors usually darker, cinnamon buffy or ‘‘cinnamon”’ 
instead of plainer grayish tones tending to prevail; interspaces between rosettes usuall) 
broader; skull similar in general form; lambdoid crest less upturned; dentition hea, 


Size large r than nelson . color about the same . sk 


il] usually distinctly larger ; zygomata more 
converging anteriorly, the sides less evenly bowed outward; dentition heavier 


VM easurement A male approaching full grown, but sagittal crest slightly developed, from 


Catemaco, Veracruz: Total length, 1130 mm; tail vertebrae, 375; hind foot, 164 An adult 


male from Finea El] Espino, Guatemala: 1125; 334; 170. An adult or nearly adult femal 
from Champoton Campe che 1080 - 360: 155 Skull An old male from Catemaco, Veracr 


and a younger but nearly full grown male from Mirador, Veracruz, respectively : Greatest 


length, 150.4, 144.4: condylobasal length, 137.5, 134.5: zygomatic breadth, 102.4, 90.5; 8q 





mosal constriction, 57.4, 54.7; interorbital breadth, 26, 25; postorbital constriction 





maxillary tooth row, crown length to bs 





*k of carnassial, 41.5, 41.8; upper carnassial, crow! 
length (outer side), 15.3, 16.4. An adult male (fronto-parietal suture closed and sagittal 
crest moderately developed) from Finca El] Espino, 15 miles south of Mazatenango, Guate 


mala: Greatest length, 140.2; condylobasal length, 129.2: zygomatic breadth, 94.5; squamos 


constriction, 51, interorbital breadth, 27.1: postorbital constriction, 31.4: maxilla toot! 
row, crown length to back of carnassial, 42; upper carnassial, crown length (outer side 17 


An adult but not very old female from Buena Vista, Veracruz, and an old female from Pers 


Veracruz, respectively : Greatest length, 121.5, 132.5; condylobasal length, 113, 122; zyg 


matic breadth, 87.2, 91.4; squamosal constriction, 47, 53.2; interorbital breadth, 21.7, 25.5; 
postorbital constriction, 29.4, 29; maxillary tooth row, 38.7, 38; upper carnassial, 15.3, 15.2 


\ female about full-grown, but frontoparietal suture open, from Finea Cipres, base of Volca 
Zunil, Guatemala: Greatest length, 125.8; condylobasal length, 117; squamosal constriction, 


49.9; interorbital breadth, 24.8; postorbital constriction, 33.4; maxillary tooth row, cr 


l 3 
length to back of carnassial, 39.1; upper carnassial, crown length (outer side), 15.1 

Remarks Felis pardali was based by Linné on the Cato-pardus mexicanus of Hernande: 
from Mexico. The type region was more definitely assigned as Veracruz by J. A. Alle 


, p. 345, Oct. 3, 1919 From the tropical lowlands 


(Bull. Amer. Mus. Nat. Hist., vol. 4 


Veracruz the typical subspecies ranges up over the adjoining mountain slopes, but is absent 


on the high plate au of the interior From the lowlands across the Isthmus of Tehuantepec 
it extends eastward at least to Honduras It is possibl that ample material from Guatema 


may show that griseus, ascribed to that country by Gray, isa recognizable regional race; but 
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specimens examined do not appear to in any essential respect from typical 











rdal The ocelots of Middle America diminish progressively in size from south to north 
s illy along the Pacific coast. The typical subspecies is, therefore, intermediate in geo- 
graphic range, as well as in de racters, between more northern and southern races 
Specimens examined.—Total number, 20, as follow Campeche: Campeche, 2 (skins 
thout skulls); La Tuxpefia, Champoton, 2 (skins without skulls Guatemala: Finca 


Cipres (base of Volcan Zunil, about 9 miles from Mazatenango), 1 (Amer. Mus. Nat. Hist.); 
Finca El Espino iles south of Mazatenango), 1 (Amer. Mus. Nat. Hist Honduras: 
| Archaga 2 (Amer. Mus. Nat. Hist.) ; Balfate, Colon, 
| 1 (skull itheast of Tehuantepec a Tabasco: 
Teapa, 1 


(15 mi 
(20 Kilometers north of Tegucigalpa 
Oaxaca: Huilotepec (8 


only miles si 











Veracruz: Catemaco, 3 (2skulls without skins) ; Mirador, 1 (skull only) ; Perez, 5 
Felis pardalis mearnsi Aller 
Costa Rican Ocelot 
fi taricer Mearns, Pr U.S. Nat. Mu vol p 245. Sept 17, 1902 Not Felis 
bangsi costaricer Merriam, 1901, proposed for a pum: 
F r rnst J. A. Allen, Bull. Amer. Mus. Nat. Hist., vol. 20, p. 71, Feb. 29, 1904 (Sub 
te for Felis cost 7 Mearns, preoccupied 
rdalis mear? J. A. Allen, Bull. Amer. Mus. Nat. Hist., vol. 20, p. 71, Feb. 29, 1904. 
i lus pardalis meart A. Allen, B Ar Mus. Nat. Hist., vol. 41, Oct. 3, 1919. 
] calit lal heast ( Rica. Typeof Felis costaricensis (= F.p 
: , 14180, old male, skull only, U. S. National Museum; collected by W. M. Gabb. 
D buttor P ( ta R probably to Nicaragua 
( he t ~ s indicat 1] ging the largest of t Middle 
4 pee he , in ta . . mye long 1 
n P q ] ‘ ] } — ochr A 
- } 1 } ale nin d errs 
Simil general t 1 f Veracr ! upper parts mo! y 
a fo al B Rati : longat ’ id creat 
is dicecl 1 } } Sentlar in # to Felis pardal a 
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VM ’ Ar l m ( I Zor Total lengtt 230 1 tail 
855 I fc 15 Iw ] m Gatun. Canal Zone. r ( ely 
1005 1110 j ¢ ’ 5 355: hind foot. 146. 149 Skull Type and an 
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Re ivlol lengtl 16.2 1435: 21 matic breadtl 106.2. 100.5: squamosal con 
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Felis pardalis nelsoni Goldman 
Colima Ocelot 
Felis pardalis nelsoni Goldman, Jour. Mamm., vol. 6, no. 2, p. 122, May 12, 1925. 


32642 





Type locality.—Manzanillo, Colima, Mexico (altitude 50 feet Type no. =< Old ms 
JD0 
skin and skull, U. 8. National Museum (Biological Surveys collection); collected by E. W 
Nelson February 11, 1892 
Distribution.—Pacific coastal lowlands and western slope of the mountains of the interio1 
from southern Oaxaca (Puerto Angel) north to southern Sinaloa (Escuinapa). Intergrada 
tion with sonoriensis farther north, and with typical pardalis on the south may safely b 


assumed 
General character Similar in general to Felis pardalis pardalis of Veracruz, but smaller; 


color averaging about the same; skull usually smaller ; zygomata more evenly bowed outward 


the sides more nearly parallel, less abruptly converging anteriorly ; dentition lighter. Siz 
larger than sonoriensis of Sonora; general color somewhat darker, the black markings abov: 
and below separated by narrower light interspaces, black cervical stripes usually broader; 
skull larger, the brain case more elongated; frontal region less elevated; zygomata rather 
narrowly spreading posteriorly, without marked convergence anteriorly, and teeth small 
much as in sonoriensi 


Measurement Type, an old male, and one of similar age with high sagittal crest fron 


Papayo, Guerrero, respectively : Total length, 1140, 1120 mm; tail vertebrae, 362, 372; hind 





foot, 166, 157. Two males nearing maturity but sagittal crest low, from type locality; 
spective ly Total length, 1002, 1060; tail vertebrae; 350, 310; hind food, 155, 143 An 


nearing maturity but sagittal crest low, from Armeria, Colima: Total length, 1140; t 








vertebrae, 400; hind foot, 170. Anadult female topotype and one from Puerto Angel, Oaxac 
respectively: Total length, 995, 1000; tail vertebrae, 310, 325; hind foot, 155, 143. S 
Ty} n old male, and one of similar age from Papayo, Guerrero, respectively : Greatest 
length, 143.8, 141; condylobasal length, 131.4, 130.3; zygomatic breadth, 95.9, ; Squamosa 
constriction, 51.2 : interorbital breadth, 25 1. 25.4: postorbit il constriction, 24.8, 30.5 
maxillary tooth row, crown length carnassial, 38.8, 40.6; upper carnassial, crowr 
length (outer side), 14.7,15. Ans ile topotype and one of similar age from Puert 
Ang | UOaxac respectively Gres 120 12] 8: condylobasal length, 112.8 112.5 
zygomati¢ breadt! 83.3, S52 5; squamosal constriction, 47.7, 50.5: interorbital | readth, 2 
23.8; postorbital constriction, 34.5, 34.5; maxillary tooth row, crown length to back of carr 
sial, 37; upper carnassial, crown length (outer side), 14.1, 15.8 

Remark F. p. nelsoni occupies the tropical strip extending north along the weste 
coast of Mexi It appears to give way to sonoriens near the point where the northward 
range of the group passes into the arid Lower Sonoran division of the Lower Austral life zon 


Specimens examined.—Total number, 42, as follows: Colima: Armeria, 1; Manzanil 
type locality), 4. Guerrero: Acapulco, 4 (skins only); Coyuca, 6 (skins only) ; Omiltem« 
1; Papayo, 1. Oaxaca: Puerto Angel, 1. Sinaloa: Escuinapa, 24 (5 skins without skulls 


2 skulls without skins) (Amer. Mus. Nat. Hist 


Felis pardalis sonoriensis Goldmar 
Sonora Ocelot 
Felis pardalis sonoriensis Goldman, Jour. Mamm., vol. 6, no. 2, p. 123, May 12, 1925 


Type locality —Camoa, Rio Mayo, Sonora, Mexico (altitude 800 feet Type no. 9621¢ 
adult male, skin and skull, U.S. National Museum (Biological Surveys collection ) ; collected 
by E. A. Goldman, December 3, 1898 

Distribution —Warmer western slopes of the Sierra Madre from southern Sonora, and 


probably northern Sinaloa, north to southeastern Arizona; forme rly as far north as Fort 


Verde, Arizona; absent in the arid plains region of western Sonora 
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General characters.—Most closely allied to nelsoni, but averaging still smaller; general 
color somewhat paler, the black dorsal and ventral markings more widely spaced by lighter 
ureas ; black cervical stripes usually narrower ; skull smaller, the brain case relatively shorter, 
more rounded; frontal region more elevated; zygomata narrowly spreading posteriorly, 
without marked convergence anteriorly, and teeth small, much as in nelson Similar in 
color to albescens of eastern Texas, but decidedly smaller and owing to isolation no very close 
comparison is required. Aside from smaller size the skull is relatively shorter, more rounded 
in form than that of albescens; zygomata less convergent anteriorly ; supraoccipital crest 
usually less upturned; dentition light, much as in albescens. 
M easurements.—Type and two male topotypes, all apparently mature, but sagittal crests 
yw, respectively : Total length, 980, 1040, 1015 mm; tail vertebrae, 320, 351, 325; hind foot, 
148, 149, 149. Skull: Three males just described, respectively: Greatest length, 125.3, 
121, 123.3; condylobasal length, 115.6, 114.8, 114; zygomatic breadth, 85.9, 83.5, 82 ; squamosal 
nstriction, 48.6, 47.7, 47; interorbital breadth, 24.2, 23.8, 21.8; postorbital constriction, 


32.5, 29.3, 29.8; maxillary tooth row, crown length to back of carnassial, 3! 36.6, 38; upper 








al, crown length (outer side), 13.2, 14.8, 15.5 

Remarks. —The range of sonoriens marks the northern limit. on the western side of the 
ontinent, of an intergrading chain of geographic races extending from South America. This 
race, the smallest of the ocelots of Middle America, presents a marked contrast in size and 


color with the much k rger more ricl ly-hued subspe cies, mearns of Costa Rica and Panama 


Specimens examined Total number. 5. as follows: Arizona: Fort Verde. 1 kin only 


Amer. Mus. Nat. Hist Sonora: Camoa (type locality), 4 


Felis pardalis albescens Pucherar 


Texas Ocelot 


Felis albescens Pucheran, in Geoffroy St. Hilaire, Voy. Venus, Zool. Mamr p. 149, Atlas 
Dp 8, 1855 

Fe limitis Mearns, Proc. Biol. Soc. Washington, vol. 14, p. 146, Aug. 9, 190 Type fron 
Brownsville, Cameron County, Te 

Fe pardalis limitis Bailey, North Amer. Fauna, no. 25, p. 66, Oct. 24, 1905 

Fe ludoviciana Brass, Aus dem Reiche der Pelze, p. 411, April, 1911 ‘In Louisiana 
Arkansas und Teo Swi! f durel eine anders verwandts Art vertrecter Fel ludor 


una oder limitis 





Fe pardalis albescens J. A. Allen, Bull, Amer. Mus. Nat. Hist., vol. 22, p. 219, 1906 
Leopardus pardalis griffithii J. A. Allen, Bull. Amer. Mus. Nat. Hist., vol. 41, p. 345, Oct 
1919 Part 
Leopardus pardalis albescens Pocock, Zool. Ser., Field Mus. Nat. Hist., vol. 27, Pub. 511, 
350, Dec. 8, 1941 
Type locality Arkansas (‘‘de état d’Arkansas, dans la Louisiane’ 
Distribution.—Formerly parts of probably the present state of Louisiana ; 
still ranging in eastern and southern Tex: uth into the northeastern states of Mexico 
Soto la Marina, Tamaulipas The intergradation of albescens with typical pardalis on the 
south and isolation from sonoriensis on the west is indicated by specimens compared 
General character Similar in size but averaging somewhat smaller than typical pardalis 





] all ‘ 
ii 


Veracruz ; pelage longer; colors usually paler, grayish instead of cinnamon-buffy or ‘‘ein 


reduced, leaving wider inter 





tones tending to prevail; black markings somew! 

spaces ; skull very similar in general form ; lambdoid crest usually more extended laterally to 
rm broader supraoccipital shelves with edges more upturned; dentition lighter. Similar 
olor to sonoriensis of Sonora, but owing to isolation no very close comparison is required 
Aside fron large r size, the skull is more elongate d than that of sonoriensi - zZygomata more 


ght, much as in 


vergent anteriorly ; lambdoid crest usually more upturned; dentition | 


easurements.—Two males apparently mature but with sagittal crests low, from Browns 
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ville, Texas, respectively: Total length 1188, 1080; tail vertebrae, 380, 330; hind foot, 155, 
160. Two adult females from Brownsville, Texas, respectively: Total length, 940, 920; tail 
vertebrae, 270, 300; hind foot, 140, 130. Skull: Three males, apparently mature but with 
sagittal crests low, from Angleton, Texas, respectively: Greatest length, 142.7, 136.7, 135.7; 
condylobasal length, 132.2, 126, 124.9; zygomatic breadth, 90.3, 91, 93.2; squamosal con- 
striction, 58.4, 54.8, 54.2; interorbital breadth, 26.5, 26.8, 26.9; postorbital constriction, 
28.6, 29.3, 32.4; maxillary tooth row, crown length to back of carnassial, 40.6, 39.5, 38; upper 
carnassial, crown length (outer side), 15.5, 14.7, 14.4. Two adult females from Bay C 

and Brownsville, Texas, respectively: Greatest length, 122.8, 120.9; condylobasal length, 
114.7, 111.3; zygomatic breadth, 87.7, 86.5 
breadth, 24.7, 22.6; postorbital constriction, 31, 33.7; maxillary tooth row, 36, 35.1; upper 


itv 
1ty 


squamosal constriction, 51.8, 49.8; interorbital 


carnassial, crown length (outer side), 13.8, 14.2. 

Remarks.—The subspecies albescens represents the northern limit of the ocelot east of 
the continental divide, which interposes a barrier between eastern and western northward 
extensions of the general range of the species in northern Mexico. Bone carving, believed 
to be of the ocelot, from a mound of the Mound Builders in Ross County, south-central Ohio, 
suggests that the range of the species may formerly have extended considerably farther 
north (See Moorehead, Anth. Ser. Field, Mus. Nat. Hist., vol. 6, no. 5, Pub. 211, p. 159 


1922). The resemblance of albescens to sonoriensis in color may suggest close relationship, 





but differences in size and cranial details are quite trenchant. Felis limitis Mearns was 
proposed as a substitute name for albescens which was believed to be untenable, but th 
validity of the latter has since been established 

Specimens examined.—Total number, 29, as follows: Texas: Alamo de Cesarea Rancl 
(be tweelr Marf i 


3 (2 skulls without skins); Bay City (18 miles east), 1; Brownsville, 10 (4 skulls without 





and Terlingua), Brewster County, 1. (skin only): Angleton (18 miles west 


skins); Eagle Pass, 1; Raymondville (20 miles northeast), 2. King Ranch, Kleberg ( 
ty, 2 (skins only Stanley P. Young Coll Tamaulipas: Matamoros, 4 (skulls 
Soto la Marina, 5 (skins only 


The margay, Felis wiedii, is a species of wide distribution from southern 


Brazil and parts of Bolivia north throughout the warmer parts of Middle Americ 
to northern Mexico and southern Texas. The northern end of its range, like 


ed by the southern extension of the 


that of the ocelot, appears to be bifurca 


interior plateau. As in other American cats of wide dispersal, notably the ocelot 
jaguar, and puma, the species is subdivisible into geographic races. The races 
are little know! howe\ er, aS too few specimens have appeared in museum collec 


tions. Only two examples of the margay were obtained by E. W. Nelson and 


the writer, in making a general collection of more than 15,000 mammals, in the 
course of biological investigations extending, during 12 years, into every stat 
and territory on the mainland of Mexico It is possibl however, that special 


efiorts to obtain specimens by modern methods will reveal that the species 
is not so rare as is generally believed 

The reference by Pocock of the races of the margay of Middle America, as 
well as Sout 


h America, to Felis wiedii isa contribution toward the clarification 


of specific relationships not previously well understood 


The following treatment of subspecies should be regarded as provisiona 


Felis wiedii pirrensis Goldmar 
Panama M irgay 


Felis pirrensis Goldman, Smiths. Misc. Coll., vol. 63, no. 5, p. 4, Mar. 14, 1914 
Leopardus wiedii pirrensis Pocock, Zool. Ser., Field Mus. Nat. Hist., vol. 27, Pub. 511 
t 


360, Dec. 8, 19 
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Type locality —Cana, eastern Panama (altitude 2,000 feet). Type no. 179162, adult 
female, skin and skull, U. 8. National Museum (Biological Surveys collection) ; collected by 
E. A. Goldman, March 22, 1912. 

Distribution—Eastern Panama, and south perhaps to Ecuador and Peru. 

General characters.—Size large ; ground color of upper parts in type specimen “‘ochraceous 





Ridgway, 1912), nearly uniform from nape to base of tail, becoming somewhat paler 





id and paling through ‘‘cinnamon-buff”’ to ‘‘pinkish buff’’ along lower part of sides; 
skull of type large and elongated, the vault of brain case highest near frontoparietal suture ; 
frontal region rather depressed and sloping downward anteriorly ; zygomata narrowly spread- 


ing posteriorly, the s 


juamosal arms not strongly bowed outward; orbits prominent, the jugals 
broad and laterally expanded; palate narrow. Similar in general to nicaraguae of Nicaragua, 
apparently somewhat larger; color pattern very similar, with the differences in detail 


usual in the group, but spaces between black markings over dorsum more ‘‘ochraceous- 





; skull larger, more elongated; brain case narrow throughout, the vault higher, more 
‘ convex in transverse section ; zygomata relatively less strongly bowed outward pos- 
the sides more nearly parallel; dentition similar. 

urements (type).—Total length, 963 mm; tail vertebrae, 440; hind foot, 131.5. Skull: 
Greatest length, 100.6; condylobasal length, 95.8; zygomatic breadth, 63; breadth of brain 
case, 45.7; squamosal constriction, 40.9; interorbital breadth, 18.7; postorbital constriction, 





33.9; maxillary tooth row to back of carnassial, 29.4; upper carnassial, crown length (outer 
side), 11.8 


Remarks.—The skull of the type of pirrensis, a female, is considerably larger than that 





in adult female specimen of nicaraguae from Matagalpa, Nicaragua. The adult male type 
of nicaraguae, however, is larger than the female type of pirrensis. The comparative size of 
he two remains, therefore, somewhat uncertain. F. p. nicaraguae was placed by Pocock 
p. 360) in the synonymy of pirrensis, but seems to differ in color and cranial 


details as pointed out. The same treatment of Felis (Margay) glaucula ludovici Lénnberg 





from Pichincha, Ecuador, was accorded by hi No South American material has been 
considered by me in this review 


Specimens eramined.—One, the type 
Felis wiedii nicaraguae (Allen 
Nicaragua Margay 
Vargay glaucula nicaraguae Allen, Bull, Amer. Mus. Nat. Hist., vol. 41, p. 357, Oct. 3, 1919. 


Felis glaucula nicaraguae Miller, North Amer. Rec. Mamm., Bull. 128, U. 8S. Nat. Mus. 


p. 156, 1923 (1924 


? 


Type locality.—Volcan de Chinandega, western Nicaragua. Type no. 28957, adult male’ 
American Museum of Natural History; collected by W. B. Richardson, August 20, 1908 

Distribution.—Nicaragua, Honduras, and Costa Rica 

General characters.—Similar in general to pirrensis of Panama, but apparently somewhat 
smaller; ground color less ‘‘ochraceous-tawny’’; skull smaller, less elongated; brain case 
lower, more expanded posteriorly, the valt less narrowly convex in transverse section ; zygo- 


n 


ats 
mata 


more strongly bowed outward posteriorly, the sides more convergent anteriorly, denti- 
tion similar. Not unlike salvinia of Guatemala in color, but apparently larger 


Measurements.—Type (from original description, quoted in selected parts only): ‘Total 
length, 1260 mm; tail vertebrae, 510. Skull: Total length, 107; condylobasal length, 100.9; 


-. 


zygomatic breadth, 72.2; interorbital breadth, 19.2; upper carnassial, 12.4.’” Anadult female 
from Matagalpa, Nicaragua: Condylobasal length, 89.2; zygomatic breadth, 6.6; breadth of 
case, 47.6; squamosal constriction, 40.8; interorbital breadth, 17; postorbital constric- 


tion, 35.2; maxillary tooth row to bac 


x 


of carnassial, 27.5; upper carnassial, crown length 
outer side), 11.4. A female approaching full-grown, from Guimaca, Honduras: Greatest 
length, 89.7; condylobasal length, 87.9; zygomatic breadth, 60.3; breadth of brain case, 43.4; 
squamosai constriction, 37.8; interorbital breadth, 16.4; postorbital constriction, 30; maxil- 
lary tooth row, crown length to back of carnassial, 26.4; upper carnassial, crown length (outer 
side), 10.8 
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Remar! The Nicaragua margay was placed by Pocock (Zool. Ser., Field Mus. Nat 





His vol p. 360, Dec. 8, 1941) in the synonymy of pirrensis, although no specimens from 
Nicaragua were examined by him. The very limited material available for comparison, how 
ever, indicates that they represent closely allied but recognizabl geographic races 4 
female, apparently approaching full-grown, from Guaymaca, Tegueigalpa, south 
Honduras is small but probably referable to nicaraguac 


pecime? ramined.—Five, from  localitic is follows: Honduras: Guaymaca, 1 
im Mu vat. Hist.); Santa Barbara, 1 (Amer. Mus. Nat. Hist Nicaragua: Mata 
galp _ 1 (Amer. Mus. Nat. Hist ); Volean de Chinandega, 1 Amer. Mus. Nat. Hist Costa 
Rica: Cafias Gordas, 1 (Amer. Mus. Nat. Hist 
Dp 


Felis wiedii salvinia Pococ 


Guatemala Margay 





/ opardu pied alvinia Pocock, Zool. S Field Mus Nat. Hist vol p ) 
8, 1941 
l'ype locality—Vera Paz, Guatemala, no. 1875.2.27.1, adult male, skin and skull, Britis 
M Natural History); collected by O. Salvi 
Distribution Guatemala, and perhaps British Honduras 
General characters (from original description ‘Intermediate between nicaragua 
the western Mexican rac qtauc l resemDiing ti forms ry ‘losely in color but 1 
I ist ller s bout the s C Size giaue 
I it t ) I tl { ) 16 1 ke it « th i( v t nat Lhe 
ching al the specimen from ( 
\ ca lene nu lg the f yu ! rl th sid 
( regul set I iSI l id dull oel 
cent el ( is in t t specime I r S ind the cer i 
ul tl pind KIn oO tail td t nterspace 
Skull. —T} | of the ve is evid neat in si 
ulani 
/ rig ld ptio g ts we 
yp judging ! D tur iul It has 
‘ | ! tot length is 95 m nd I! parison with ot! 
that cond, t llen h wee RRor RO both tl dim nad tl total if 
12 le tl the type of nicaragqua [t l ‘ 101 re also mostly les 
( n ially bro earl ! ing | l 16 mm ig } 
tyI ? araqua 
a alvinia must be 1 rd ) i l 
maaed te I I i! ior tud Asid {ror 1th tVpD tn | m™ re¢ yT ls . specim 
Dueh ( iten ‘too young to be worth! isuring ! two skull without fror 
Beliz British Hond ras, trom the Zoological Society’s Mu il marked “‘menagcer 
‘ntatively referred to it Che reliability of zoo specim«e is always open to questi 
comparative purposes, owing to modification due to confinement Most of the comp 
is with nicaraguae, which ha 1 been place d by Pococ! the synonymy of pirren 
de iption of the type suggests that salvinia may be a rat mall, dark form sin 
» yucatanica \ small female from Guaymaca, south-central Honduras, is provision 
tery d to nicaraguae, but may possibly repre nt gradation tov ra sal nic \osp 
definitely assignable to this race have been examined by 1 
Felis wiedii yucatanica Nelson and Goldmar 
Yucatan Margay 
Felis glaucula yucatanica Nelson and Goldman, Jour. Mamm., vol. 12, no. 3 p 304 Aug 


24, 1931 


Leopardus wiedii yucatanica Pocock, Zool. Ser., Field Mus. Nat. Hist., vol. 27, p. 368, De« 
8, 1941 

















Go 


locality.—Meri 


tribution.—The peninsula of Yucatan and northern Chiapas ; limits of rang: 
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Disting } 
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1uitn ( 1 
es engti 954 
it! Dralil Cast 
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unknown 








feneral charact Distinguished by very pale buffy grayish ground colo Type dk 
paler than that of oazxacer ith less dusky admixture along median line of dorsum, 
ncl d ma ings narrower, mor elongate 4 tead of broadly round l Skull of 
Fry Teer an. Chiapa comp with oaracens Nagals ill narrower pos 
dentitior V1 tne pp carn ials broade1 Contrasting still more videly 17 
yloration with nicaraguae of Nic lentition not unlike that o caraguac, but 
te rygoid fossa narrow n 1asal rrower ™ eri ly 
rements Young femal ermanent remola not yet tull place tron 
ton Chiap re | tal lengetl R35 n ta ; , 382: hind foo 1 Q ull (of 
g Greates lengtl 89.2: « dvlobas | 84.5: zygo tic breadth, 54.9 
of brain case, 44.2; squ os ( rict 37.1; In orbital breadth, 14.7; post 
constriction, 30.4; 1 illary tooth ro cre n length to back of carnassial, 27; upper 
il, crown length (outer side 11.8. ( nial measurements of an adult female from 
rn Yi Museum have | I corded by Pococl op. ctt., p 369 ) 
yW 62; width of in ¢ 15 
a associated with the gener: iridity of the climate distin 
hes various mammals of the Yucatar peninsula region, in contr: vith those of more 
sections farther sout nd this geographic r of the margay appears to be no e> 
I 
yecimens examined ‘wo, as follows: Chiapas: Tecpactan Yucatan: Merida, 1 
only 


is Nelson and Goldmar 


Marga) 


r., t. 12, Jan. 1860 From 


Alvarado 


by Fel mexicana Desmarest. 1816. for the Serval 
o San Felipe, near O: Oaxaca, Mexico (altitude 10,000 feet 
male. skin and skull. U. S. National Museum (Biological Surveys 











Nelsor and Goldmar Aug S ; 1894 
ca, and Veracruz; limits of range undetermined 
Similar to glaucula of : buffy gray and black color tones about 
different, | ree rounds ros vith heavy black border: instead of 
d markings tending prevail over upper parts; skull very similar 
S broader, more flatt nd depressed anterior] irrower, more 
iditory bulla malle ess fully inflated; maxillary tooth row 
fror jucaianicda ¢ Yu I darke oO ind pparently 
, iv ength,. 910 il vertebi 368; hind foot, 130. Skull 
1d al lul pparently femal from Cordoba, Veracruz, re 
Sf condylobasal length, 90.1, 82.7; zygomatic breadth, 67.4, 59.6; 
44.5, 42.5: s yuamo il constriction, 39, 37.4; interorbital breadth, 
constr 33.5. 29: maxillary tooth row, crown length to back of 
ippe rnassial, crow lengtt outer side 11.6, 9.5. 
acer was described from a specimen taken at an elevation of 10,000 
of the Cerro S&S: Felipe, a high mountain near Oaxaca. The record 
xtreme in altitudinal range, and as the general drainage is toward the 
that this subspecies is generally distributed in the warm humid region 


It was place a 


1941) in the synonymy of glaucula, but the 


(Zool. Ser 


Field 


type anc 


Mus. Nat. Hist 


a specimen from 


} > | 
DY I OcocK 
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ure sul 1 t present typical glaucula As pointed out | Pocock, individual 

in color p rn in the cats covers ar ter e ran but t e seems to be some evider 
that tl variatior n manv other st thin } tn hy 1 which it does not usual] 
pass ; and geographic considerations should be given due weight, especially in tl bse 
ample mater Pocock (op. cit., p. 367) refers to gla 1a skin labeled ‘‘Mexico’’ f1 the 
Bullo lection which he states ¢ ao oray as t ne} ng a faint buff cast over tl 
dorsal surface and in the centers of the rosettes, which have thick, blackish browt : 
coalescent into bands or isolated As I have understood that the Bullock collection probat 
came from southeastern Mexico, and the thick rims of the rosettes suggest those of oaracer 

it seems possible that this specimen should be referred to that form 








Felis wiedii glaucula Thomas 
Western Mexican Marga) 


Felis glaucula Thomas, Ann. Mag. Nat. Hist., ser. 7, vol. 12, p. 235, August 1903 


Margay glaucula glaucula Allen, Bull. Amer. Mus. Nat. Hist., vol. 41, p. 357, Oct. 3, 1919 
Leopard dii glaucula Pocock, Zool. Ser., Field Mus. Nat. Hist., vol. 27, p. 367, Dec. 8, 
194] 























D but Westé Mexico, from Jalis nortl } limit ng 
ven | 

Gene é Similar aracer Oa I grav and blac olor 1 | 
about the sar but pattern different, the enclosed yper parts narrov | 
elongat confluent with comparatively narrow borders, instead of the large round | 
rosettes and heavier black markings of the type of oazace7 skull similar in general f 
but somewhat smaller; nasals narrower, more highly arched anteri es | 
pressed posteriorly ; auditory bullae larger, more fully inflate n y short 

Measurement The accuracy of the external measurements of \ t 
original description, appears to be questional An ad male from Tatemales. Sir 
measured in the flesh by the collector: Total length, 892 mm : tail, 333: hind foot,110. Sk 
Two adult males from Los Masos respectively: Greatest length, 93.2, 91.7; cond) 
basal length, 87, 85.9: zygomatic b1 ith. 65. 63.2: breadt} brain case. 39.7. 39.1: inte | 
orbital breadth, 16.8, 17; postorbital constriction, 31.1, 31.6; maxillary tooth row —_ 
length to back of carnassial, 27.2, 27.4: upper carnassial, crown length (outer sid 112 7 

Remark I glaucula has been recorded in Jalis« ind northward on the warm, west 
ern side of the Sierra Madre to southern Sinak It appears to be most closely al 
oazacen 

Specimens examined I'wo, from Los Masos, Jalisc 

Felis wiedii cooperi, subsp. n 
Texas Margay 

T ype Fror Kagle Pas Texas I 25, mal dul skin oO | S. National Mus 
collected by Col. S. Cooper, U. S. Army; entered ir s¢ taloe February 13. 185 

Distributior Known only fror the type localit but probablv has an extende rang 
in north tern Mexi« 

General character S! medium ; grour color *‘cinnal n-bu - dorsal marki 
black, or with very small, indistinctly lighter centers Similar in size to oara¢ 
glaucula, but differs conspicuously from both in longer } ge, and solid, or ne 
black dors pots, instead of enclosed lighter are 

Coli Ground color of upper parts ‘‘cinnamon-bufi with a very thin. inconspic 


admixture of dusk. hairs from top cf he ui Over! nap ind aiong me liar dorsal area to bas 
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af % o « ‘ nin kis yu . lanks S f r nd thighs ipper 
‘ - le ann 1 or striped wit} ] s ¢ group. | spots « ecular 
‘ } 15+ ”) Wir o 1; ; lid < i hl except on sides 
’ oll buf ters 1 t ng ! ] n other races 
they 1 bl tir s on me n line from behind 
o + oe ] 1; D + y x } blac a} brown spots ross 
| lon inne sid he } ] } g hr t nd three narrower 
— pore der sid ' . £ pinkish | ried } small. indistinct 
di ter sides of ears blackisl hitish submarginal spots, the edges 
sh buf tail mar l with } 1 j lar | sh black bands. and narrower inter 
- +} nteranacea D a} f 1 ‘nal iT sh buf below and at ex 
Vf er ype: |] ] 1 ski +] f t very 
saa Tillie a nner surfa f+ - middle. 28 








no. 25 in the r talog of National Museum, Fel 
} 1 he etarte ] +} ] hefor therefor t 
. . » hae at ‘ } } Y } 9 od 
the catalog, but received little attention for many years. The back of the label 
bears the designation “‘pardalis group J.A.A.” in the handwriting of J. A. Allen. The speci- 
s first assigr i¢ t n oT Holliste wl near glaucula”’ 
lahel a lp hliche +} ’ ' P B “I Washingt ] p. 219. Oct. 31 
| 
| ) \ thor ¢ .P +} an e } y to m™m ttentior but 
| ss ? 
| he r a f , at go th the + 1 and it indicates a 
| . laline 7 r¢theastern M } S tat f various groups 
| . . I 
trey ] liectributior This is re i tends t mphasize the 
. , r ¢ 1] 
; y + } ene } . f +} tor 
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SUMMARY OF THE LARGE WOLVES OF CANADA, WITH 
DESCRIPTION OF THREE NEW ARCTIC RACES 


By Rupo.tepH Martin ANDERSON 


For more than one hundred years the systematic status of Nearcti volves 
has puzzled zoologists, and since 1912 most writers have conventionally referred 
the wolves occurring over an area of one hundred degrees of longitude between 
Greenland and Bering Strait to Canis tundrarum Miller, type locality Point 
Barrow, Alaska. The writer at various times noted certain local discrepanci s 
in the current assumptions, but deferred publishing opinions pending a length) 
quest for authentic specimens from key localities. The work in Ottawa was 
also retarded by lack of specimens of typical tundrarum, the pivotal race, from 
Alaska, and only in 1942 through the kindness of Professor E. Raymond Hall, 
Museum of Vertebrate Zoology, Berkeley, was it possible to obtain the loan of 
six topotype skulls of both sexes and of different ages. These specimens have 
been of great value in separating other races found farther east. Measurements 
and other date given by Pocock (1935) and others have clearly demonstrated 
that there are no great structural differences between the Eurasiatic and North 
American wolves of the arctic and subarctic regions. They are now generally 
considered to be subspecies of the cireumpolar Canis lwpus Linnaeus. The 
material at hand gives evidence that some of the native races of Canadian wolves 
are as large or larger than east Siberian wolves and should refute a widely spread 
popular belief in a comparatively recent influx of gigantic “Siberian wolves.”’ 

In the course of this work new material has come to hand rendering it desii 
able to revive the old name Canis lupus griseus Sabine (1823) for the large timbe1 


wolf of central and northern Saskatchewan, and to recognize the white wolf, 


Canis lupus albus Sabine (1823) as a tenable form that needs renaming bec: 
the name albus is preoccupied by Canis albus lupus Kerr (1792), applied to : 
white wolf from Jen¢ Sel River, northern Siberia Two other Can di I volve 


are here described as new subspecies 


Canis lupus griseus Sabi: 


Saskatchewan Timber Wol 


Canis Lupus-Albus Sabine, Franklin’s Journey to the Shores of the Polar Si 
Zoological Appendiy | 654 1823 

Canis occidental Richardson, Fauna Boreali-Americar 1829 (pa 

Type.—Taken at Cumberland House, latitude 54°N, longitude 101° 40’ W 5 
ewan River about 35 miles northwest of The Pas, Manitoba, and about 15 miles west of tl 
present Manitoba-Saskatchewan Interprovincial Boundary, during the residence of Cap 
tain [later Sir John] Franklin’s first expedition to that place in January, 1820. The s 
was preserved and deposited by Captain Franklin in the British Museum 

Distribution.—Forested regions of northern Saskatchewan and Manitoba, south formerl) 
to the edge of the prairie region about Carlton. Saskatchewan; east ir ‘entral Manitob 
and extreme northeastern Minnesota, and presumably west to east-central Alberta; nort 
to Lake Athabaska, intergrading with occidental In tl egion of the 60th parallel, wit! 


hudsonicus along the northern boundary of Manitoba; presumably intergrading in forme 
times with nubilus in southwestern Manitoba and northweste Minnesota and at present 


with lycaon in extreme western Ontario 
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General The description by Sabine (1823, p. 654), also quoted in part by Rich 
rdsor 182 p 66 , is adequate ‘It is very dissimilar in colour to the usual state of the 
Europe wol nd is of a much greater size The teeth are remarkably strong and 
larg e ¢ ss rp nd erect, thickly clot ed ith dark-brown h ir, tipped with gray; 
ve and be the neck the hair is tl nd bushy; the whole of the body is covered 
I ng gray and black | rs, having some fe vhite ones intermixed on the 
de l belly are dark gr: the s busl gray tipped with brown; the legs 
es g ere } dar] brown hair; cl tre ind arched.”’ 
Richards pp. 66-67) adds to thi ‘A specin yrocured at Carlton House 
on the ‘ e branch now known as the South Sas van River], and now in the 
se he Zoological Socik 10. 33, Catalogue of the um) has the face, cheeks, 
e] I | 1, white, exec small the latter, adjoining the rump, 
% 7 PS W683 sacs "7 3 * 
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be ae == 
lial ( C ] e tir r and tundra wolves 
| 
O n mixture of long black and white 
é I vartial ippeal ive reneral grayish hue to 
! p I long ad | nto blac] Che hair on the back part of the 
br In oth i hich I have se¢ the mixture of dark-gray 
bl und br« rms di yatel i ilmost white ground. There is generally 
ke g tl spin 
lhe above description applies almost « ly to an adult male (no. 17098) and an adult 
ne 7 1) in the National Museum of Canada collection, and in fact would apply 
I ell as to colour to selected specimens of most of the northern races of wclves 
The prolonged lumping of various forms under one heading has evidently been due to lack 
iff skulls of adults for adequate comparisons 
Skull.—In general, averages larger in both sexes than in typical occidentalis; forehead 
straight W less concavity; occipital condyles generally narrower; bullae averaging 
ger anc re rounded; coronoid process somewhat higher than in occidentalis and much 
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higher than in columbianus, with which grise us possibly intergraded in western Alberta in 
presettlement days; incisive foramina uniformly longer, more narrow and more curved 
than in occidentalis 

Measurements.—For the type specimen from Cumberland House, Sabine (1823) gives 


‘dimensions as follows: length to the setting of the tail four fee t [1565 mm|!: tail fourtee: 


inches [356]; height to the top of the shoulders, two feet [610].”’ This would give a “‘total 
length’’ of 1821 mm. For the Carlton House specimen Richardson (1829) gives: ‘‘Length 


of head and body, 4 ft. 4 in. [1320 mm]; tail vertebrae 1 ft. 34 in [394]; height of back, 2 ft 
The “total length’ would be 1714 mm. No. 17098, N.M.C., ¢@ ad., taken in 
Prince Albert National Park, Sask., Sec. 34-54, West of 3rd P. m., March 21, 1940, measured 
in the flesh: Total length, 1956 mm; tail 458; height, 864; weight, 93 pounds No. 17011, 
N.M.C., 9 ad., P. A. Nat. Park, west of Lavalle Lake, Feb. 16, 1940: Total length 1702 


2 in. [660).’’ 


mm; tail, 483; hind foot, 289. For measurements of skull, see table. 

Specimens examined.—Total number, 8, asfollows: Saskatchewan: Prince Albert National 
Park, 3 o'o*, 3 OS Vanitoba tiding Mountain National Park, 1, (taken in January 
1943 Minnesota: St. Louis County, near Aurora, 1 (no. 30445 co’, Mus. Nat. Hist., Univ 
lowa, lowa City; taken in winter, 1938 





Canis lupus mackenzii, subsp. nov. 
Mackenzie Tundra Wolf 


Type.—Adult male, skin and skull; no. 2792, National Museum of Canada; from Imna 
nuit, west of Kater Point, Bathurst Inlet, District of Mackenzie, Northwest Territories 
lat. 67° 44’ 20” N, long. 109° 04’ 03” W; collected May 14, 1916 (fresh specimen shot near 
camp by Eskimo) by R. M. Anderson, original no. 658. 

Distribution Arctic coast and tundra region of Mackenzie District from east side of 
Mackenzie River delta, east to southern Victoria Island and Queen Maud Sea, south to 
northern and eastern sides of Great Bear Lake, upper Coppermine and upper portion of 
Back rivers, intergrading with occidentalis in southern portion of its range and presumably 
with hudsonicus to the eastward. 

General characters.—Color variable, adults more frequently white, but adult specimens 
are often buffy with dorsal band of black-tipped hairs; some specimens are almost black 
Considerably smaller than occidentalis, slightly smaller than hudsonicus, tundrarum and 
bernardi, and considerably larger than manning 

Color.—The type specimen is entirely yellowish white with exception of brownish bla 
spot on dorsal side of tail; claws pale horn color. A mounted female, N.M.C. no. 2551, 
shot near Bloody Fall, Coppermine River, Feb. 10, 1915, is even purer white, and type of 
Canis lupus albus Sabine (1823), taken at Fort Enterprise, about 230 miles farther south, is 
described as a white wolf. An adult male, N.M.C. no. 2791, taken at Port Epworth, Coro 
nation Gulf, July 20, 1915, is yellowish white, with top of head tawny brown, mixed witl 
black-tipped hairs; neck sparsely black-tipped, and dorsal region with most of hairs black- 
tipped; legs buffy brown anteriorly, white posteriorly An adult female, N.M.C. no. 4868 
taken on Kogaryuak River, Coronation Gulf, June 10, 1917, by Jos. F. Bernard, is mostly 
slaty gray, with hairs on back having paler brownish tips; legs and under parts mostly 
plumbeous or dusky 

Skull.—Much larger than in manningi of Baffin Island, smaller than in hudsonicus from 
west of Hudson Bay, and tundrarum from northern Alaska, with teeth about the same size 
as in the last two forms but larger than in manning Compared with bernardi from Banks 
Island, the teeth of mackenzii are much smaller, particularly the upper and lower carnas 
sials. Ramus of mandible short and heavy, with lower edge of ramus much more convex 
than in tundrarum; coronoid processes lower than in tundrarum and with tips slightly re 
curved posteriorly 

Measuremenis.—Approximated from tanned skin of type male: Total length, 1676 mm 
tail vertebrae, 361; hind foot, 247 Careful measurements of tanned skins of wolves in the 


N.M.C. show surprisingly little variation from measurements of the same animal taken in 
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taken September 9, 1914, at Cape Kellett, is remarkable in having no buffy coloring 


whitish, with a fairly well-defined median dorsal area produced by sparse black-tipped 





hairs on dull whitish background; tail white with a black tipped hairs, black spot on 


top and black tip; in almost all respects a miniature of the adult male type. 


oku 


] Distinguished by great comparative length, narrow zygomatic breadth, long, 
slender rostrum, and exceedingly large carnassials. Nasals narrower than in tundrarun 
and extending much farther behind posterior extensions of maxillaries and with shorter 
distance across postorbital processes. From its nearest neighbor on the north, Canis lupus 
arctos (of Melville Island, Sverdrup Islands, and Ellesmere Island) with which it might be 
expected to have the closest relationship, bernardi differs the most widely, with skull of only 
slightly less length, but much less massive, with narrower rostrum, lesser zygomatic 
breadth, lighter lower mandible, of less depth and more nearly straight. The tooth-row 
is about the same length as in arctos, but the molars and premolars are all longer, 
broader, and heavier; canines and incisors project forward at a noticeably greater angle. 
Coronoid process slender, sloping backward more than in mackenzii and tundrarum; ramus 
of mandible lower than in mackenzii and nearly straight as in tundrarum, but slightly less in 
depth and heavier horizontally; coronoid processes usually more truncated at tip than 
these other races 

V easurement: Tanned skins of type, und no. 3506, adult female, allotype, measure, 
respectively: Total length, 1870, 1562 mm; tail, 366, 362; hind foot, 261, 235. Field meas 
urements of one male and one female which did not reach the museum are: Total length 
1¢ 


406, 305: girth, 736, 660 For measurements of skull, see table 





1422: tail, 432, 406: hind foot, 305, 254; height at shoulders, 813, 660; depth of chest, 





Remarks.—With this well-marked subspecies is joined the subspecific name bernard 
in recognition of two natives of Tignish, Prince Edward Island, Canada, well-known for 
many years in Alaska and Western Arctic Peter Be rnard, sailing master of the gas schoons 
Mary Sachs of the Canadian Arctic Expedition, 1913-18, who collected the type and four 


other specimens of Canis lupus bernardi and lost his life in the line of duty on a sledge trip 
n spring of 1917, and his nephew, Joseph F. Bernard, who made 


in northern Banks Island 
many voyages into the Arctic as master and owner of the gas schooner Teddy Bear, and 
collected many scientific specimens of mammals and birds, as well as ethnological material 
in the Northwest Territories, Alaska, and eastern Siberia, including one paratype of Cani 
lupus mackenzii referred to above 


Specimens examined.—Six skins and 8 skulls from the type locality 


Canis lupus manningi, subsp. nov. 
saffin Island Tundra Wolf 
T ype Female, young adult, skin and skull; no. 17236, National Museum of Canada 
from Hantzsch River, east side of Foxe Basin, west side of Baffin Island, District of Fran} 


lin, Northwest Territories, lat. about 67° N, long. 24° W; collected December 7, 1938, by 


Tom H. Manning, original no. 70 


Distributior In all parts of Baffin Island from Hudson Strait to Pond Inlet; probably 
also on Bylot Island 

General character Considerably smaller than any of the other Arctic wolves, but with 
somewhat larger skull and teeth than in Canis lupus labradorius, from south of Hudson 


Strait. Color somewhat variable, but adults are generally white, and juveniles and suba 
dults have more or less buffy, often with black tipped hairs along median dorsal line 
Color.—The type specimen has hair mostly pure white, with very faint tint of buffy o1 
nose; ears pale buffy at tips; dorsal region with faint buffy tint; feet and tail white; ta 
; 





subadult females (nos. 65 and 6 





with black spot on top but with no bla 


tl family 


Manning collection) caught at the same pl we and supposed to belong to the same 
group as the type specimen, have top of head faintly tinged with reddish buff, ears similar; 


a narrow black edging around lower lip and posterior portion of upper lip; back with long 
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In captivity the food eaten was similar to that of a rabbit and included lettuce, cabbage, 


raw potatoes, dandelion and grass; of the grains, oat meal, and a commercial cereal ‘‘ Whea- 


ties,’’ proved to be the most popular. Bread and cinnamon rolls were also readily eaten 

Dried fruits were completely ignored when put in the feed box and water never seemed to 

be used. The animals studied in captivity thrived well all summer, but were released in 

the early fall in their native habitat because of lack of adequate accommodations for them 
Ken Martin, 19594 Henry St., Melvindale, Michigan. 


CALIFORNIA LEAF-NOSED BAT TRAPPED BY DESERT SHRUB 


Although bats are noted for their skill in avoiding objects during flight, they sometimes 
meet with disaster under unusual circumstances. Johnson (Jour. Mamm. vol. 14, p. 156, 
1933) records the finding of bats caught on burdocks in the Eastern United States and be 
cause of the infrequency of such accidents the following observation seems worthy of record 

On February 11, 1942, while engaged in field work in the desert mountains bordering the 
Lower Colorado River valley in California, I discovered a California leaf-nosed bat (Mac 
rotus californicus) securely fastened to a large desert shrub. The bat was dead and the 
manner in which it was fastened to the shrub showed that it had become attached while 
alive and had not been placed there by some other animal 

The shrub on which the bat was fastened was Eucnide urens Parry, a broad leafed plant 
belonging to the Loasa family (identification by Miss Bonnie Templeton, Los Angeles 
Museum) and closely resembles some of the mallows except that it is completely covered 
with minute stinging hairs and barbed pubescence The spines are so tenacious that 
objects such as clothing, hair, or skin come in contact with the plant, it is almost impossible 
to break away without great numbers of the leaves adhering to the object 

The spines of the plant held the bat securely by both wings and the ventral side of th 
body. The wings were spread in a manner indicating a struggle on the part of the bat t 
free itself. The tips of the large ears also showed numbers of the tiny spines penetrating 
their thin surface 

According to Miss Templeton, Kucnide is a nocturnal blooming plant, opening its pale 
yellow blossoms at dusk and closing them again at dawn Numbers of dead and still living 
insects trapped among the spines of the plant brings one to a possible and quite logical ex 
planation of the accident 

VM acrotus californicus is a known feeder on moths and Orthopteran insects such as grass 
hoppers and large katydids. Therefore it is quite possible to picture this large-winged and 
rather slow-flying bat hovering over a shrub which attracts nocturnal insects of this type 
A flick of the bat’s wing against the spiny leaves would be all the spines required to ensnar 
one wing and cause the bat to lose control of its flight and swing its body full against the 
plant. Once this had happened it would be almost impossible for the bat to free completely 
all portions of its wings and body from the spines at the same time. Continued beating 
against the plant would soon wear down the bat’s strength and death would ensue, thus 
leaving the bat in the position in which I found it 

This reconstruction of the accident is purely imaginative, but, with the evidence at hand, 
plausible-—Kennetu E. Sracer, Los Angeles Museum, Los Angeles, California 


UNILATERAL DISPLACEMENT OF THE INNOMINATE BONE IN SOREX 


The abnormality here figured is, I believe, unique in the literature of anatomy of mam- 
mals other than man It consists of the posterior displacement of the right sacro iliac joint 
and the right innominate bone to the extent of a full vertebral segment. Extensive search 
of the literature, medical included, has not revealed another such example, except in man 
The specimen showing the abnormality is an adult male Sorez trowbridgii montereyensis, no 
46722, Mus. Vert. Zool 

As a result of this displacement, the first sacral vertebra developed asymmetrically, the 
right side being similar in appearance to the last lumbar vertebra. The retention, by the 
first sacral vertebra, of the free, unfused characteristics of the lumbar vertebrae, and par- 
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ticularly the most posterior lumbar vertebra, is termed lumbarization. This abnormality, 
though rare, is known in man, and references to it are scattered through medical literature: 
, pp. 1-59, 1932), 








see especially Blumensaat and Clasing (Ergibn. d. Chir. u Orthop., vol. 2 


who give the best discussion and include an excellent bibli graphy 
The condition of lumbarization may be either bilateral and symmetrical. or unilateral 
and unsymmetrical, and must not be confused with cases of supernumerary lumbar verte- 
brae, which are common, according to Weil and Van Dam (Presse med.. vol. 42. pp. 1700 
1702, 1934), in such domestic animals as the horse, pig, sheep, and goat 
Sacralization, which is the fusing of the last lumbar vertebra to the sacrum, is the reverse 














of lumbarization. In man the one type of abnormality occurs as often as the other, accord 
ing to Leri and Luton (Bull. et mem. Soc. méd. d. hép. de Paris, ser. 3, vol. 47. pp. 331-333, 
1923 } t lumbariz tion rarel\ comes to the attention of the physician, whereas sacraliza 
often does, as it leads to disorders of the lower bac] There could not be found any 

esti te of the frequenc these abnormalities in mar 
-robably both abnormalities occur in all mammals. In fact, Welcker (Arch. f. anat. u 
entwic year 1881, p 161-192), in speaking of transitions from complete sacralization to 
m on, states that he has observed the last lumbar and the first sacral 
é br us inflections in man and in animals of very different groups.’’ He 
er ‘ group Another report f ar bnormality bearing a 
se resemblance to the one here presented. w Hoff (Arch. d’anat. d’histol. et d’em 
he 2, pp. 433-446, 1923) in which he figures and describes at some length an asym 
Unilater lisplacement of the innominate bone and asymmetry of the sacrum in 

‘5 f } y ‘ 
rum of alemur He did not. he ver, mention the pelvis, and so it is not known 
hether one innomi te was actually posterior to the other. or whether onlv the sacro-iliac 
. side was posterior to the other, with the two innominates remaining at the same 
e bod 

The condition of the shrew here fig is not, strictly speaking, unilateral lumbariza 
though such cases 1n man are | (wrong! think) under this heading The 
primary cause of the abnormality in this animal was the development of the right innomi 


me ¢ ymple te metamere poste rior toits norma positi ym so that the frst sacral vertebra 


mn that side had no possibility of contact with the ilium and « onsequently developed more 


sa lumbar than as a sacral vertebr True lumbarization should be considered to differ, 
that the first sacral vertebra retains its lumbar characters in spite of the innominates 
upying their normal positions 


In abnormal pelves of man, with unilateral displacement of one innominate, there would 


lw seem to be an attempt at some type of compensation so that the pubic bones can be 
brought together into a symphysis Chis tendency results in marked twisting of the spine 


nd asymmetry of the pelvis, which has not occurred in the abnormal shrew figured here 


ich compensation, however, would be more necessary in 





an animal such as man, which 

possesse pubic symphysis, than in the shrew, which has none 
e slight asymmetry of the remaining sacral vertebrae of this shrew is typical for sacra 
th asymmetry of one vertebra. Otherwise the vertebral column of this animal is normal, 
bot to configuration and as to numbers of vertebrae CHarRues A. Reep, Museum of 


Verte ile Zook ay University ¢ California Berkele California 
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closely as I was sitting in the car with the motor shut off. It glanced at the opposite side 
of the canal as if undecided whether to return and then proceeded along the ditch bank in 
the water for a short distance in front of the car before it climbed up and ran across the road- 
way and down to the brushy, marshy river country. It had just left mountainous desert 
country on the opposite side of the canal. All indications were that this animal entered 
the water of his own accord.—Geno A. AmMuNpson, Yuma, Arizona. 


A COYOTE’S SPEED AND ENDURANCE 


On December 19, 1941, Weldon B. Robinson of the Denver Wildlife Research Laboratory, 
and Preston Q. Hale, Junior District Agent of the Utah District, U. S. Fish and Wildlife 
Service, accompanied by two predatory animal hunters, made a trip onto the old bed of Lake 
3onneville in western Utah. While crossing a section of the lake bed during the morning 
they observed a coyote in the distance, but the animal, evidently having had experience 
with automobiles before on this smooth sparsely vegetated area, immediately disappeared 
from view by crouching in the low vegetation. Although Hale and Robinson toured the 
approximate area for some time, they were unable to discover the coyote’s hiding place 
Some three hours later, on the return trip, a coyote, possibly the same animal, was again 
seen in the same general locality. This time when the coyote disappeared from view Hale 
and Robinson were able to mark its exact location. They drove to within 75 yards of the 
spot before the coyote, realizing its detection, jumped and began to run. 

In the ensuing chase the coyote demonstrated its remarkable endurance and speed. It 
was able to elude its pursuers for 47 minutes from the time it was first observed until it was 
killed At the start of the chase the coyote ran in a straight line for several hundred yards 
and was clocked by the speedometer on the car at the top speed of 43 miles an hour It 
was able to maintain this speed for a relatively short distance, however, and never again 
approached that rate Unable to out-distance the automobile, the coyote gave its pursuers 
a lesson in maneuvering. On several occasions it appeared as though the animal would be 
run over, but each time it was able to muster an additional burst of speed and emerge t 
temporary safety by cutting directly in front of the car and heading in a different direction 
The animal, from all indications a two year old in very fine condition, tired rather slowly, 
but still seemed to have some remaining stamina when it was finally killed 

While there have been many instances of trappers and hunters running down coyotes 
with automobiles, to my knowledge neither the maximum speed nor the length of enduran 
of a coyote has been accurately recorded. R.Scorr Zimmerman, U.S. Fish and Wildlife 


Service, Salt Lake (¢ ily U tai 


WHITE-FOOTED MICE FEEDING UPON GRASSHOPPER EGGS 


The white-footed mouse, Peromyscus maniculatus osgoodi Mearns, a common rodent o« 
curring in western North Dakota, was recently reported by Mr. Wm. Bauer, a farmer from 
j 





Sioux County, N.D., as seeking out and feeding upon grasshopper egg pods. Through tl 
courtesy of Mr. Bauer, eleven specimens were trapped and sent to the author. Upon ex 
ination of the stomach contents, three specimens contained eggs of the Differential Grass 
hopper, Melanoplus differentalis Thomas, a species which oviposits in the roots of grass 
clumps or weeds. The identification of the eggs was ascertained by comparing tho 


gested with eggs from a typic il Differential pod collected in the field The ingested eg 


also agreed in every detail with the description and illustration of the Differential egg en 


bodied in the publication “‘ Identification of the eggs of Mid-western Grasshoppers’ Kar 
State | xp. Sta Tech. Bull. no. 48, 1939. 39 page by J. B. Tuck and Roger ( Smith The 
fact that the mice were collected in April, long before adult gravid female grasshoppers 


would normally, appear, coupled with the absence of shopper body fragments in the 





stomach precluded the possibility of the mice obtaining the eggs by ingesting gravid grass 
hoppers 

Although these mice are primarily vegetarians, they commonly feed upon insects; how 
ever, there is apparently no previously published record of their 


egg pods The author acknowledges the assistance of Dr an. . 2 Jackson, in _harge 











eeding upon grasshopper 
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iological Surveys and Mr. A. L. Nelson, in Charge, Wildlife tesearch Surveys and Mr. A. 
L. Nelson, Wildlife Research Laboratory, Patuxent Research Refuge, both of the Fish 
and Wildlife Service, for confirming the author’s determination of Peromyscus and for data 
on their food habits.—Horace 8, Tetrorp, North Dakota Agriculatural College, Fargo, 
North Dakota. 


DOUBLE CAPTURES OF SMALL RODENTS IN CALIFORNIA 


Recent sylvatic plague investigations by the Hooper Foundation for Medical Research 
included the study of small mammal populations in the Transition Zone of the central Sierra 
Nevada at Bass Lake (elevation: 4500 feet), Madera County. in 1939 and in the Upper 
Sonoran Zone of the inner Coast Range at Calaveras Reservoir (elevation: 1000 feet 
Alameda County, California, in 1940-41 A single-catch live-trap, manufactured by 
Young’s Animal Trap Co., was used; the capture of two individuals in one trap suggested 


that they had entered together or in fairly rapid sequence. Such ‘double captures” oc- 


curred quite frequently in the course of trapping 


INVOLVED IN DOUBLI 





B LAK AUGH APTURES 
Peromyscus boylii 183 24 
P. maniculatu 86 31 
r nath caltforr 18 4 
Vl sp , : 
4 RAS RE 
Pe ut} cal 8&9 6 
Pe é 69 4 
, latu 52 At) 
Ve ? i8C1 DE 30 4 
‘ di 0 4 
sy lontomys megalot 1 1 
rhus 43 percent of the Peromys« mar ilatu 35 percent of the P. tru ind 28 percent of 
the Perognathus californicus were involved in double captures. Of the 88 doubl captures 
recorded, 41 included individuals of different species and 47 those of the same species. There 
vas a random distribution in combinations of the sexes 
In these double captures the were 44 instances where one or both of the animals were 
1 when found his mortality was probably due in part to « posure, b in 25 instances 
‘ lence ighting; 5 of these included individuals of the same species and in 17 
species were t en togethe! rhe most stri ing ¢ imple of this was seen wh«e n Perog 
natl was caught with Peromyscu In the 27 instances of this combination, evidence of 
hghting was observed in 16, with a total of 20 deaths for Perognathus and 6 for Peromyscu 
Perognathus is evidently at a disadvantage wl trap with Peromyscus, possibly because 
it make ise Of 1ts Jumping abuiity In contrast, there w evidence yf fighting il 
yne of the ten instances when two different species of Peromy were caught together 
the frequency with which these small rodents were taken in double captures by single 
nh traps suggests that individuals oiter ( rather close association with one another, 
cularly whe foraging or engaged in sin competitive activity F, ( EVANS AND 
R. HoLtpENRIED, D on of Zoology, College of Agriculture, Da and Hooper Foundation 
V il Research. U7 y of Ca , San |} ncisco. ( ) a 
UNUSUAL INJURY YOUNG HARBOR SEA 
During the course of fur seal studies on St. Paul Island, Alaska, a baby male harbor seal 
P lir W brought into the village by Agent L. C. MeMillin and native foreman 


John Hansor hey had found the seal pup on the boulders of Northeast Point on Decem 
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In treating the spotted bat (Euderma maculatum) the author lists eight known speci 
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of them have been depleted over much of their former rang nd some few are on the verge 
tinctior Wildlife Refuges portrays the efforts that have been made by Federal and 
State governments nd also by several private enterprises, to stem this tide of depletion 
to maintalr nd manage seve l hundred mil I ere of land for the benefit of both 
1 und mar 
r} boo 3 divided into 17 chapters, treating mong others, such topics as Purposes, 
Values and Limitations of Refug Typ f Refuge nd Management of Refuges. The 
ty} efuge re discussed at length, pointing out purpos« locations, problems, 
} uthor | visited most of the important refuges in North Americ: His accounts 
| nal rgely upon 1 : , he problems 
eneral. most of the book has litt ie other thar n presenting the present status 
chievements of t} Alife w bans rhe chapters on Purposes, Values 
Limitatior Refuge nd Management of efuges, however, fill a definite need and 
perusal by all who have clo n with refuges, their problems, and ad 
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Virginia's deer restocking progral Virginia Wildlife Richmond, vol. 6, no 


Skunl re a nuisance sometime Virginia Wildlife, Richmond, vol. 6, no. 1, 


Marvland Conservationist, Baltimore, vol. 20, no. 1, pp. 1-2, 18-21, 29. Winter, 
1943 


Sea otte« on exhibit Acar New Lett Californi Acad. 5 San Francisco, 
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Anonymous. Whale liver oil new source of vitamin A. Amer. Fur Breeder, Duluth, vol. 
15, no. 7, p.19. January, 1943. 
See nature through the camera’s eye. Nat. Hist., New York, vol. 51, no. 1, pp. 
48-49, illus. January, 1943. (Photos of ground squirrel, marmot, chamois 

—- Two Iowa trappers astound city with curious fur bearing catch. South Dakota 
Conservation Digest, Pierre, vol. 10, no. 1, p.10, illus. January, 1943. (Coypu 
trapped in Clinton County, Iowa 
A plea for the wolves. Canadian Nature, Toronto, vol. 5, no. 1, p. 39, illus 
January-February, 1943. 
Where are they now? Jr. Nat. Hist. Mag., New York, vol. 7, no. 12, pp. 4-7, 16, 
illus. February, 1943. (Winter habits of mammals 
“Studyin’ rabbits,’”’ the old fisherman reports. Outdoor Indiana, Indianapolis, 
vol. 10, no. 1, pp. 11, 12. February, 1943 
‘What is a bat?’’—New exhibit tells principal facts about odd flying mammals 
Field Mus. News, Chicago, vol. 14, no. 3, pp. 4-5. March, 1943 

AntTHuony, Harotp E. Summary of the fossil land mammals of the West Indies. Proc 
8th Amer. Sci. Congr., Washington, D. C., vol. 4, pp. 359-363. August 3, 1942 

Antipin, V. M. A new form of yellow sand suslik from the mountain range Kara-tau 
Comptes Rendus (Doklady) Acad. Sci. URSS, Moscou, n. s., vol. 36, no. 1, pp 
29-31. 1942. (New: Citellus fulvus nigrimontanus 

AreL, H. B. The muskrat. Wisconsin Conserv. Bull., Madison, vol. 8, no. 1, pp. 30-31 
January, 1943 

BatLeEY, ALFRED M. The birds of Cape Prince of Wales, Alaska. Proc. Colorado Mus 
Nat. Hist., Denver, vol. 18, no. 1, pp. 113, illus. February 1, 1943. (With notes 
on walrus, seals, and other mammals 

3AKER, Rouiuin H Are hunting laws fair to squirrels? Texas Game and Fish, Austir 
vol. 1, no. 2, pp. 5, 10. January, 1943 
Texas fur animals and their future. Texas Game and Fish, Austin, vol. 1, no 
3, pp. 5,13. February 1943 
May food habits of armadillos in eastern Texas Amer. Midland Nat., Notr 

29, no. 2, pp. 379-380. March, 1943 


BAKER, Rouun H., and Hitpert R.Srecier. Use of bag records of big game to determine 


Dame, vol 


sex ratios and population densities. Jour. Wildlife Management, Menasha 
vol. 7, no. 1, pp. 11-13. January, 1943 


3ARBASHEVA, Z. I., and A. G. GINEZINSKY Adaptation of Guissar sheep to altitude 
URSS, Moscou, sér biol 1942. no. 5. pp 295-302, figs. 3 1942 
Ik 


Bull. Acad. Sci 


In Russian, with English summary 


BARRERA, José M. pE La. Peste rural en La Argentina. [Resumé.] Proc. 8th Amer 
Sci. Congr., Washington, D. ¢ vol. 6, pp. 291-292 August 3, 1942 Plague 
in wild rodents in Argentina. With English abstract 

3ARRETO, JOAO DE Barros. Present plague conditions in Brazil. Proc. 8th Amer. Sci 
Congr., Washington, D. C., vol. 6, pp. 293-294. August 3, 1942 House rats 
and native rodents infected 

BatTye, R. K. M. Tigers swimming. Jour. Bombay Nat. Hist. Soc., vol. 43, no. 3, pp 
516-517. December, 1942 

BAUMGARTNER, LuTHER L., and FRANK C. BELLROSE, Jt Determination of sex and age 
in muskrats. Jour. Wildlife Management, Menasha, vol. 7, no. 1, pp. 77-8 


pl. 4. January, 1943 


BAUMGRAS, Pui.ipe 8S Winter food productivity of agricultural land for seed-eating birds 


and mammals. Jour. Wildlife Management, Menasha, vol. 7, no. 1, pp. 13-18 
January, 1943 

Beatu, O. A siological significance of mineral licks. Wyoming Game and Fish Bull., 
no. 1, pp. 88-94, figs. 27-30. July 1, 1942 Especially in relation to bighort 


sheep 
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Beatty, M. E. Bears of Yosemite. Yosemite Nat. Notes, Yosemite, vol. 22, no. 1, pp 
1-16. January, 1943 
Deer antlers. Yosemite Nat. Notes, Yosemite, vol. 22, no. 3, pp. 30-31. March, 
1943. 

Buatt, J. R. On the mating of flying-foxes (Pteropus giganteus). Jour. Bombay Nat 
Hist. Soc., vol. 43, no. 3, pp. 514-516. December, 1942. 

BISSONNETTE, THomMAS Hume. Some recent studies on photoperiodicity in animals 
Trans. New York Acad. Sci., ser. 2, vol. 5, no. 3, pp. 43-51. January, 1943 
Experiments with molting of weasels 

Buarr, W. Frank. Activities of the Chihuahua deer-mouse in relation to light intensity 
Jour. Wildlife Management, Menasha, vol. 7, no. 1, pp. 92-97. January, 1943. 

BoaRpDMAN, W. On the anatomy and functional adaptation of the thorax and pectoral 
girdle in the wallaroo (Macropus robustu Proc. Linnean Soc. New South 
Wales, Sydney, vol. 66, nos. 297-298, pts. 5-6, pp. 349-387, figs. 9, pl. 12. 1941 

Bonn, RicnHarp M. Ramps for escape of wildlife from stock-troughs. Jour. Wildlife 
Management, Menasha, vol. 7, no. 1, p. 123. January, 1943 

BonHAM, KELSHAW Records of harbor seals in Lakes Washington and Union, Seattle 
Murrelet, Seattle, vol. 23, no. 3, p. 76. February 15, 1943 

Booru. Ernest 8S. Observations on the young of Eutamias Murrelet, Seattle, vol. 23, 


no. 3, p. 84 February 15, 1943 


] 


Spotted red-backed mouse. Murrelet, Seattle, vol. 23, no. 3, p. 84. February 
15, 1943 

BRECKENRIDGE, W. J Hibernation—the long sleep. Conservation Volunteer, St. Paul, 
vol. 5, no. 30, pp. 37-40. March, 1943 


Bripces, WILLIAM Longevity of bats Animal Kingdom, New York, vol. 46, no. 2, p 
45 Marcl April 1943 
Newest animal—the kouprey Animal Kingdom, New York, vol. 46, no. 2, pp 
43-44, illus. March-April, 1943 

BROWNELL, L. W Animal trails and trailing. Canadian Nature, Toronto, vol. 5, no. 1, 
pp. 3-5, figs. 8. January-February, 1943 Tracks of mammals in snow 

Burt, Wirtu1amM Henry Review of] Voles, mice, and lemmings; problems in population 
dynamics, by Charles Eltor Amer. Nat Lancaster, vol. 76, no. 767, pp. 611 


614 November—December, 1942 

CAHALANE, Victor H Caching and recovery of food by the western fox squirrel. Jour 
Wildlife Management. Menasha, vol. 6, no. 4 pp 338-352 October, 1942 
Elk—food—and winter. Outdoor America, Madison, vol. 8, no. 3, pp. 4-5, 16, 
illus February, 1943 
King of cats and his court Nat. Geogr. Mag Washington, D. C., vol. 83, 


no. 2, pp. 217-259, illus. February, 1943 
A, L. E., and R. L. MurpHrer Fertility and sex ratios in the rabbit from semen 
treated 17 t with lactic acid and sodium bicarbonate. Jour. Heredity, 
Washington, D. C., vol. 33, no. 12, pp. 434-438 December, 1942 
CasiLLto, N. R. The white antlered buck Pennsylvania Game News, Harrisburg, vol. 
13, no. 12, pp. 4-5, 24-25, illus March, 1943 
Cuappock, T. 7 Facts concerning distempe r in mink and other present day problems 


Amer. Fur Breeder, Duluth, vol. 15, no. 8, pp. 18-22, photo. February, 1943 


CHANDLER. Epna WALKER. The walrus gets a rest Alaska Sportsman, Ketchikan, vol. 
9, no. 2, pp. 14-15, 18, illus. February, 1943 

CHAPMAN, FLoyp B The red squirrel und the birds ( ardinal, Sewickley vol. 6, no. 1, 
p. 6. January, 1943 

Cuitry, DENN! and Mary Nicuouson. Canadian Arctic wild life enquiry, 1940-41. 


Jour. Anim. Ecol., London, vol. 11, no. 2, pp. 270-287, pls. 6-7. November, 1942 
Curisty, Bayarp H Barred owl in Sewickley Cardinal, Sewickley, vol. 5, no. 8, pp 


194-195. July, 1942 Reference to red squirrels 
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Criark, J.S. A Pawnee buffalo hunt. Chronicles of Oklahoma, Oklahoma City, vol. 20, 
no. 4, pp. 387-395. December, 1942 

CiarKE, C. H. D sernard Rogan Ross to Spencer Fullerton Baird. Canadian Field 
Nat., Ottawa, vol. 56, nos. 8-9, pp. 120-122. November-December, 1942 Let 


ler written in 1859 describes periodic fluctuations in populations of fur bearers 


The Indian as conservationist Canadian Field-Nat., Ottawa, vol. 56, nos 
8-9, pp. 127-128. November—December, 1942 

Curne, J us H. Is wildlife conservation worth the trouble Virginia Wildlife, R 
mond, vol. 6, no. 1, pp. 35-37 Fall—winter, 1942 

Coss, W. Montacue. The cranio-facial union and the maxillary tuber in mammal 
Amer. Jour. Anat., Philadelphia, vol. 72, no. 1, pp. 39-111, pls. 6. January 
10 

Couin, Epwarp ‘ Hair direction in mammals; embryogenesis of hair follicles in tl 
guinea pig. Jour. Morphol., Philadelphi vol. 72, no. 2, pp. 191-224, illu 
Var 194 

Couturier, Donat AtrrReD E.. Hupson, and Arto For Archaeology of the upper Colur 
bia regio1 Univ. Washington Publ. Anthropol., Seattle, vol. 9, no. 1, pp. 1-178 
September, 1942 17 species of mammals listed on pp. 126-127, including 
‘ r } from Washing 

Co D 1W. J. Hamivtron, Jr. Winter habi | tailed de i 
New Jour. Wildlife Manage Mer 6,1 +, pp. 287-29 
2 () »} 104 

Crov Py | ytes On sor mamn ( itl ( lian Rocky Mount 
| \ Mi N His N Yo 80 D 391-410. + 

Fel 4. 194 
DALI I s Dakota people f reco I t] 
Dakota Conset Di i 10. 1 2 » 7 
Febru 19 





16, pr y( 194 
DALat Wart \ The s , ! he little big ¢ 
VM All ? So W I 6. D 4 | 
4 Ne Vy ( a 
Davis, D. Dwieu und H. Exizaspers Sror The « t irculation in the dom 
ca Zool. Ser., Field Mus. Nat. Hist., ¢ ug ( 28, n l (pub 
1-47, fig ) Marcel 5, 1943 
DeaANESLY, Rut Delayed implantatior tl sto Mustela mustela N 
London, vol. 151, no. 3830, pp. 365-366. M 27, 19 
DeNio, Reainatp M., and RaymMonp M. Wes1 The foot-worm disease in d 
northern Rocky Mountain regior Jour. Forest Washington, D. ¢ 
10, no. 7, pp. 540-543, figs. 2. July, 1942 
Dosisz, J. FRAN The jeepy jackrabbi Che fact lmost vie with the amazing 
lore that has grown up about this “‘lean, lanky son of desert sag Nat. H 
New Yor vol. 51. no. 1. pr 10-45. illu January, 1943 
Doucuerty, ELLSwortn ( Notes on the lungworms of porpoises and their occurrence o 
the California coast Proc. Helminthol. Soc. Washington, vol. 10, no. 1, pp 
16-22. January, 1943 
Dozier, Hersert L., and Ropert W. ALLEN. Color, sex ratios, and weights of Marylan 
muskrat Jour. Wildlife Management, Menas! vol. 6, no. 4, pp. 294-300 


October, 1942 

Dozier, Herperrt | Identification of sex in live muskrat Jour. Wildlife Managem 
Menasha, vol. 6, no. 4, pp. 282-293, pls. 25-26. October, 1942 
Recipe ; for cooking muskrat meat Marvland Conservationist Baltimore 


vol. 20, no. 1, pp. 5. Winter, 1943 
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of the red fox in southern New Hampshire. Jour. Wildlif 





uary, 1943 Phot blue fox and arctic fo 
. ant \ re Mag.. Washington, D. ( | 36. no 2, pp 
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cS. 3 RTY ( rop ity of the pituitary gland in 
' r eattor l rabl Svivilagus flori 
A Re | lelphi ol. 85, no. 1, pp. 1-16, figs. 4 
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14 
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W. I Fur resource nd fur anim of Texas Bull 


Ovyster Comn S10! Austin, n 25, pp. 42, illus December, 
e! ntelop SLOC Kt »s conklingi, from San Josecito Cave, 
vy I W f Pal mto Publ no 551 pp 
104, 
e Phocene I | ling ero in Nevad sc1rence Lan 
97,1 2516, p. 262 March 19, 1943 
natior wild refuge Marvland Conservationist, Balti 
pp. 14-16 194 
tl Director of the Fish and Wildlife Service to the Secretary 


Ann. Rept. Secretary of the Interior, Washington D. C., 1942, 


L. COLLERY Middle-piece beads in the cavia spermatozoon 


vol. 151, no. 3826, pp. 253-254, figs. 3. February 27, 1943 
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Grumore, L. O., W. E. Petersen, and J. B. Fircu. Gene-interactions in cattle crosses 
Jour. Heredity, Washington, D. C., vol. 33, no. 12, pp. 451-453, figs. 14-15. De- 
cember, 1942. 


Goopwin, Georce G. Two new squirrels from Costa Rica. Amer. Mus. Novitates, New 


York, no. 1218, pp. 2. February 11, 1943. (New: Sciurus poasensis, Micro- 


sciurus alfari alticola.) 
Four new rodents from Costa Rica. Amer. Mus. Novitates, New York, no 
1227, pp. 4. April 22, 1943 New: Heteromys desmarestianus underwoodi, 
Macrogeomys heterodus cartagoensis, M. cavator nigrescens, M. cherriei carlos- 
ens 

Gorpon, JEAN. My strange pets of the Yukon. Alaska Sportsman, Ketchikan, vol. 9, 


no. 1, pp. 8-9, 28-30; no. 2, pp. 12-13, 18, 21-24, illus. January, February, 1943 


GRANGER, WALTER, and Wiiuram K. Grecory. A revision of the Mongolian titanotheres 
Bull. Amer. Mus. Nat. Hist., New York, vol. 80, art. 10, pp. 349-389, figs. 11, 
pls. 2-31. February 4, 1943 New: Subfamily Metatelmatheriinae, Metatel- 


matherium cristatum, M. parvum, Desmatotitan, D. tukhumensis, Hyotitan, H 
thomsoni. Epimanteoce ratinae, Ep manteoceras,. E formosus, Protitan, P. minor 
P. robustus, P. bellus, P obliquide ns, Protitan? cingulatus, Microtitan, Dol 
chorhinoides, D. anqustidens, Gnathotitan, Rhinotitan, Pachytitan, P. ajaz. 
Parabrontops, Metatitan, M. primus, M. progressus, M. relictus, Titanodectes, T 
minor, T' ingens, Embolotherium ultimum 

Guntuer, Cart E. M. The synonymy, hosts, and type material of Guntheria bipygal 
Gunther (Acarina: Trombidiidae Proc Linnean Soc New South Wales, 
Sydney, vol. 66, nos. 295-296, pts. 3-4, p. 155. 1941 Hosts are Rattus, Mel- 
omys, Echymipera, Peroryctes, and Isoodon 
An erythraeid mite from New Guinea (Acarina: Erythraeidae Proc. Linnear 


Soc. New South Wales, Sydney, vol. 66, nos. 295-296, pts. 3-4, p. 156, figs. 4 


1941 Parasitic on wallaby 
Two new trombidiid larvae from New Guinea (Acarina: Trombidiidae Pro 
Linnean Soc. New South Wales, Sydney, vol. 66, nos. 295-296, pts. 3-4, pp 
157-159, figs. 5. 1941 One is parasitic on Melomy 

Hau.L, E. Raymonp. Cranial characters of a dog-coyote hybrid Amer. Midland Nat 


Notre Dame, vol. 29, no. 2, pp. 371-374, figs. 2. March, 1943 

Intergradation versus hybridization in ground squirrels of the western United 
States. Amer. Midland Nat., Notre Dame, vol. 29, no. 2, pp. 375-378, fig. 1 
March, 1943 


Hamerton, A. I Report on deaths occurring in the Society’s gardens during the year 
I 
1941. Proc. Zool. Soc. London, vol. 112, ser. B, pts. 3-4, pp. 120-136. February, 
1943 
1943 


HANLAN, JouN W. Commission at work upon farm game survey. West Virginia Con 
servation, Charleston, vol. 7, no. 7, pp. 10-11. November, 1942 

Harman, Mary T., and ANNetTEe Atsop Case. The influence of certain genetic factors 
upon eye color in the guinea pig. Trans. Kansas Acad. Sci., Lawrence, vol. 45, 
pp. 344-357, figs. A-N. 1942 


HauGEeNn, ARNOLD O Management studies of the cottontail rabbit in southwestern Michi 


gan. Jour. Wildlife Management, Menasha, vol. 7, no. 1, pp. 102-119, pls. 5+ 
January, 1943 

Henrict, Max. The killing of animals upon highways. Cardinal, Sewickley, vol. 5, no 
8, p. 196 July, 1942. 

Hicke., M. R.,and Luoyp W.Swirr. Counts of bucks vs. shed antlers in Rocky Mountain 
mule deer. Jour. Wildlife Management, Menasha, vol. 7, no. 1, pp. 123-124 
January, 1943. 

Hitt, Caruerine J. . The development of the Monotremata.—Part V. Further observa 
tions on the histology and the secretory activities of the oviduct prior to and 
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during gestation. Trans. Zool. Soc. London, vol. 25, pt. 1, pp. 1-31, pls. 5. 
May, 1941 

Hitt, Joun Ertc. Wintersports. Nat. F st., New York, vol. 51,no.1,p.50,illus. Janu- 
ary, 1943 Winter activities of otters and hares.) 
tationing. Nat. Hist., New York, vol. 51, no. 2, p. 75, illus. February, 1943. 
Food conservation problems facing animals 


March madness. Nat. Hist., New York, vol. 51, no. 3, p. 135, illus. March, 


1943 Varying hare 
Hitt, W. C. Osman. The highland macaque of Ceylon Jour. Bombay Nat. Hist. Soc., 
vol. 43, no. 3, pp. 402-406, fig. 1 December, 1942 New: Macaca (zati) sinica 


opisthomela 

Note on the breeding of the Malabar giant squirrel (Ratufa indica mazima) in 
captivity. Jour. Bombay Nat. Hist. Soc., vol. 43, no. 3, pp. 521-522. Decem- 
ber, 1942 


Hines, Marton. Control of movements by the cerebral cortex in primates Biol. Rev. 
Cambridge Philos. Soc., vol. 18, no. 1, pp. 1-31. January, 1943 

Honess, RAupu F., and Nepwarp M. FrRos1 A Wyoming bighorn sheep study. Wyoming 
Game and Fish Dept. Bull., no. 1, pp. vi + 126, figs. 45. July 1, 1942. (With 


contributions by four other authors 


Hist, Per. With the Norwegian sealers Nat. Hist., New York, vol. 51, no. 1, pp. 6-15, 
illus. January, 1943 


HoweE.., A. BRAZIER Review of] Comparative vertebrate anatomy, by Libbie Henrietta 
Hyman. Science, Lancaster, n. s., vol. 97, no. 2516, pp. 263-264. March 19, 
1943 


Huspss, Cari L., and ALrrep PERLMUTTER. Diometric comparison of several samples, 
with particular reference to racial investigations. Amer. Nat., Lancaster, vol 
76, no. 767, pp. 582-592 November—December, 1942 


Hupson, SAMUEI Beachcomber’s bonanza. Nature Mag., Washington, D. C., vol. 36, 


no. 2, pp. 70-72, 108, illus. February, 1943. (Ambergris 
H[vui A. F. Blasse1 Proposed destruction of seals in Victorian waters Australian 


Zoologist, Sydney, vol. 10, pt. 1, p. 124. December 19, 1941 

Jackson, W.H. Goats are hard to get Alaska Sportsman, Ketchikan, vol. 9, no. 1, pp. 
16-18, 20-23, illus. January, 1943 

JAEGER, EttswortH. Mothers of the wildwood. Canadian Nature, Toronto, vol. 5, no. 1, 
pp. 14-17, illus. January-February, 1943 Popular account of mothers and 
young in various mammals and birds 

Jounson, Georce B. The beaver. Virginia Wildlife, Richmond, vol. 6, no. 1, pp. 28-34, 
illus. Fall-winter, 1942 

JOHNSTON, ALEXANDER, and Rosert H. Burns \ study of the fleece of the bighorn. 
Wyoming Game and Fish Dept. Bull., no. 1, pp. 21-25, figs. 8-10. July 1, 1942. 

Josutin, V. E. Wildlife helps win the war. Conservation Volunteer, St. Paul, vol. 5, no. 
29, pp. 4-6. February, 1943 

KaLaBuKHOV, N.I. Peculiar reactions of several plains rodents to a lowering of atmos- 
pheric pressure. Zodl. Jour. (Zodlogicheskil Zhurnal), Moscow, vol. 16, no. 3, 
pp. 483-495. 1937 Apodemus sylvaticus mosquensis, A. flavicollis, A. agrarius, 
Evotomys glareolus, Cricetulus migratorius.) 

KEELER, CiypE E. The association of the black (non-agouti) gene with behavior in the 
Norway rat. Jour. Heredity, Washington, D. C., vol. 33, no. 11, pp. 371-384, 
figs. 2-3. November, 1942. 

Ke._ker, Georce Hitis. The state-sportsman-landowner triangle. Jour. Wildlife Man- 
agement, Menasha, vol. 7, no. 1, pp. 7-10. January, 1943. 

A winter wildlife census in northeastern Wisconsin. Jour. Wildlife Manage- 

ment, Menasha, vol. 7, no. 2, pp. 133-141. April, 1943. 

KeL_ocGc, CHARLES E. Feeding fish to fur animals. Amer. Fur Breeder, Duluth, vol. 15, 
no. 9, pp. 16-19. March, 1943. 
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KimmMeL, Donatp L Nigrohypothalamic fibers in the cat Proc. Soc. Exper. Biol 


Med., Utica, vol. 52, no. 1 pp. 51-52. Januar 1943 

Kriitiver, Hermnricu (editor Visual mechanisn Biological Symposia, Lancaster l 
7, pp il 322, ill 1942 Contributior I 15 ithors 

Kress, H. A Urea synthesis in mammalian liver Nature, London, vol. 151 ». 3818 
p. 23 Jar I 2. 1943 

Kruui, We» LL H nd R. Scorr Jac yD Observations on the route of migratio1 
the common liver fluke. Fa } , } afr hos four. Wi 
ingt AY S ol. 33, no. 3, pp. 79-82. M 15, 1943 

Larsu, Jor ! yy lhe relationship bet t nt ) yung mi i 
susce bility to infectio ide, H Ina va 
Jour. P itol., Lancaste 1. 29,1 1, pp. 6144 February, 1943 

Lay, Danie. W nd 7 O'NE! M n the 7 ) Jour. Wild] M 
ugement, Menasl vol. 6,1 4, pp. 301-311, figs. 2 27-28. October, 1942 

LAY, Dan W Pins 1 buel if Ea I | G und Fish. Austi1 1 
! 2. pp 1] J 194 

LeComi E. Li Bus! Mary] ( ) Baltimor ) { 
Dp 8-9 ] I 94 Squ 

Lee, Dou 7 KK. end Kove Ror ee Ny eee 
nhere Pr .? ~ On | 52 12. pp. 189-20 
g I 23, 194 


t DO i : tr t I I Ar | g 
7 Ny ’ r , r_19 | Februar 1942 

LEN HER J). F. Terxen | S D yner spiral M 
1864 Net la, Filar | D [1 O Cruz, Rio de Jar 
7,1 pp. 383-389. illus. Sep 45 From Choloepus and Brady 

LEOPOLD, A Wildlife in American cultur ) Wildlife Management, M« 
vol. 7.1 ] p 6 Janu 104 

Lesuirz, P. H The b eriolog class ) } ) Itures used in ra , 
mouse control in Great Brit Jour. Hyg lo 1. 43. no. 5. ow. B82 
562 Octohe 1942 

Linpuska, J.P. Wir lent pop y Jour. Wild M g 
ment, Menasha, vol. 6, 1 +, pp. 353-363. O } 42 

LINHARI HERMINIK Verificacio da lepra murina na cidade do Rio de Janeiro. Su 
distribuicaéo geografi considerac endemiolégi Mem. Inst. O 


de Janeiro, vol. 37, no. 3, pp. 353-37 September. 1942 


Luorp, B. A new Hertfordshire mammal: Natterer’s bat. Trans. Hertfordshire } 


LOoGan, W Otte taki hooked trout Irish Nat. Jour Belfast, vol. 8. n 





LoystTer, | I Large dee Season 194 t Wiscor Conserv. Bul Madisor 
Ss, me l, pp. 29-30 January 1943 

Lucker, JoHNn T A new trichostrongylid nematode from the stomachs of American squ 
rel Jour. Washington Ax 1a. SC Vol 33, no. 3, pp. 75-79 Marc} 15, 1943 

MacDowkE tu, E. ¢ J.S. Porrer, T. Laan und E. N. War The manifold effect 
the screw tail mouse mutatior Jour. Heredity, Washington, D. ¢ vol. 33, no 
12, pr 139-449, figs. 8-13 December, 1942 


MacInnges,D.G. Miocene and Post-Miocene Proboscidea from East Africa. Trans. Zool 
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map. July, 1942. (New 


Stego- 


yunds and Melville 
;eogr. Jour., Montreal, 
notes on their 


MerRwInN A. Winter relat f to white-tailed deer in Maine Jour 


Wildlife Management, Mer _ as, 1 pp. 328-337 October, 1942 


( : Soc. Preset n Fauna Empire, 
} ! J 1‘) A | mn YT T r ric 
EH] ( A w | ~ | 1 Toartf yrd n.s 
! tf 95-27 1) y 
{ ! pped i chypithe 
| | | ry Q 1. 43, no. 3, pp. 513-514 
T) 4 
‘ ~ 1 A2 , ? 
: > 
2) r Oo | f itio 
! Vi » ( ) > nop. 429 
( \ | ; — 
‘ 16-17 Nin 
R ‘ ratedes 
I : \ S 6,1 556-565 
} ~ ) ( fo Fish 
nad ¢ > | 2 {2-4 Januar 943 
‘ ‘ lor lo Wildlife 
M 1k 0 Oct 1049 
( | 9 Arigzo Jour. Wildlife 
M4 : I - > | ' 1942 
P ( , C] land M Nat 
: 7 . ; Sy 
\ Gatl ng, transplanting nd ~ young ntelope Jour. Wildlife 
\I | a} ‘ f ' 1 wr 2R1—2RE nl. 23 October. 1942 
Pp ; 7 vet . , . nteresting News Bull. Staten 
I nd 7 S ‘ M { 
| RED H Do é Nature Mag.. Washington, D. ¢ vol 
bf g QR I 4 ~ . la } nimals 
OLIVER | I ROBE! K. | I Ovulatio maturatio und fertilization 
n the f Ar Rec By pi 85,1 1, pp. 69-83, pls. 4. Jan 
ur 943 
) \ ns ~ I I ! t l ¢ nd reproduction of the golden 
} ter Jou ndov ) London. vol. 3. no. 2, pp. 157-167, pl. 1 August, 
1942 
Che induction of pregnancy in the golden hamster during the breeding pause 
Proc. Roy. Soc. Edinburgh, Sec. B, vol. 61, pt. 3 (no. 26), pp. 368-374. October 
2, 1942 
Ss Reproduction in the wat oO { cola amphibius Linn. Proc. Zool. Soe 


118-130, figs. 3, pl February, 1943 





Apams. I iger “‘pooking Je ir. Bombay Nat Hist. Soc., vol. 43, no 3, 
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Pitertm, Guy ! Middle Eocene mammals from North-west India. Proc. Zool. Soc. Lon 
don, vol. 110, ser. B, pts. 1-2, pp. 127-152, figs. 3, pl. 1. July, 1940. (New: Ar 
thracobune, A. pinfoldi, Khirtharia, K. dayi 

Pocock, R. I. The larger deer of British India. Jour. Bombay Nat. Hist. Soc., vol. 43. 
no. 3, pp. 298-317, figs. 8. December, 1942 


l 


The skull-characters of some of the forms of sambar (Rusa) occurring to the 
east of the Bay of Bengal Part II. The sambars of Luzon and Basilan Island 
Ann. and Mag. Nat. Hist., London, ser. 11, vol. 10, no. 63, pp. 159-167, figs. 2 
March, 1943 


The skull-characters of some of the forms of sambar (Rusa) occurring to the east 


of the Bay of Bengal.—Part III. Rusa nigricans and Rusa boninensis Ann 
and Mag. Nat. Hist., London, ser. 11, vol. 10, no. 63, pp. 191-196, fig. 1. March, 
1943 


Poo.te, E. I The red fox. South Dakota Conservation Digest, Pierre, vol. 10, no. 1, 
inside back cover, illus. January, 1943 

Pore, Cuirrorp H. Ivan and Abdulla. Nat. Hist., New York, vol. 51, no. 3, pp. 116-119, 
154, illus. March, 1943. (Tame albino raccoons 

Prince, Lestre A. A new race of Napaeozapus insignis from Ontario. Occas. Papers 
Roy. Ontario Mus. Zool., Toronto, no. 7, pp. 3. December 12, 1941 New 
Napaeozapus insignis algonquinensi 

Ranp, A. L. Onsome British Columbia bats. Murrelet, Seattle, vol. 23, no. 3, pp. 83-84 

February 15, 1943 


Rees, GWENDOLEN. The worm burden of sheep on improved and unimproved hill pasturs 
Jour. Anim. Ecol., London, vol. 11, no. 2, pp. 198-204, pl.4. November, 1942 

Reynoips, Hupson G., and AktHuR W.Sampson. Chaparral crown sprouts as browse for 
deer. Jour. Wildlife Management, Menasha, vol. 7, no. 1, pp. 119-122, pls. 7-8 
January, 1943 

t1reGeL, ANDREW. Some observations of the food coactions of rabbits in western Kansas 
during periods of stress. Trans. Kansas Acad. Sci., Lawrence, vol. 45, no. 49 
pp. 369-375, figs. 4. 1942 

tinker, Georce C. Litter records of some mammals of Meade County, Kansas. Trans 
Kansas Acad. Sci., Lawrence, vol. 45, no. 50, pp. 376-378. 1942 

Roar, H.E. Marvels of the vertebrate ey: [Review of] The vertebrate eye and its adap 

tive radiation, by Gordon Lynn Walls. Nature, London, vol. 151, no. 3826, 7 

236. February 27, 1943 


toBERTSON, GEORGE M., and Greorce F. Sternperec. ‘Fossil 


) 


mammal tracks in Graham 
County, Kansas. Trans. Kansas Acad. Sci., Lawrence, vol. 45, pp. 258-261, 
figs. 5 1942 

Ropinson, KaTHueen, and Dovatas H. K. Ler Reactions of the pig to hot atmospheres 

Proc. Roy. Soc. Queensland, Brisbane, vol. 53, no. 9, pp. 145-158, figs. 1-6c. Feb 

ruary 23, 1942 


teactions of the cat to hot atmospheres. Proc. Roy. Soc. Queensland, Bri 





sris 
bane, vol. 53, no. 10, pp. 159-170, figs. 5. February 23, 1942 
Reactions of the dog to hot atmospheres. Proc. Roy. Soc. Queensland, Bris 


bane, vol. 53, no. 11, pp. 171-188, figs. 7. February 23, 1942 
Ropriaues, Bicnat pe ALMErpA, and GervAsio pE Briro Meio. Contribuicaio ao estudo 


da tripanosomiase americana. Mem. Inst. Oswaldo Cruz, Rio de Janeiro, vol 


37, no. 1, pp. 77-90, pls. 1-2. March, 1942 Occurs in various wild mammals 
Rusa, Wituiam H. Wildlife of Idaho. Idaho Fish and Game Commission, Boise, pp. 299 
1942 


tusseELL, Loris S Pleistocene horse teeth from Saskatchewan. Jour. Paleontol., Men 
asha, vol. 17, no. 1, pp. 110-114, figs. 13. January, 1943 

Rurr.eper, Roserr F. Lesser horse-shoe bat (Rhinolophus hipposiderus) in Co. Mayo 
Irish Nat. Jour., Belfast, vol. 5, no. 3, p.77. March, 1943 
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SANBORN, CoLin CAMPBELL. External characters of the bats of the subfamily Glossopha- 
ginae. Zool. Ser. Field Mus. Nat. Hist., Chicago, vol. 24, no. 25, pp. 271-277, 
fig. 25. January 6, 1943 
Conservation briefs. II. Mammals. Field Mus. News, Chicago, vol. 14, no. 
3,p.7. March, 1943 


SanpERS, J. M Precaval anomalies of the cat Trans. Illinois State Acad. Sci., Spring 
field, vol. 35, no. 2, p. 216. December, 1942 

SANDERSON, Ivan T. The mammals of the North Cameroons forest area 3eing the re- 
sults of the Percy Sladen Expedition to the Mamfe Division of the British Cam- 
eroons. Trans. Zool. Soc. London, vol. 24, pt. 7, pp. 623-725, pls. 22, maps 7 
January, 1940 New: Cercop thecus erythrotis camerunensis, Mops calabarensis, 
Crocidura occidentalis calabarensis, C. 0. virgata, C. 0. picea, Genetta servalina 
cristata, Hylomyscus alleni canu Three names, the first and the last two, are 
attributed to R. W Hayman 

Sawin, Pauw B., and Davip GLick Atropinesterase, a genetically determined enzyme in 
the rabbi Proc. Nat. Acad. Sci., Washington, D. C., vol. 29, no. 2, pp. 55-59. 
February, 1943 

ScHENDEL, Ropert R. Mammals of Payne County, Oklahoma Proc. Oklahoma Acad. 
Sci., Oklahoma City, vol. 22, pp. 75-76 1942 

ScowaRTz, JOHN I Range conditions and management of the Roosevelt elk on the Olym 
pic Peninsula. U.S. Dept. Agric., Forest Serv., pp. 65, figs. 18. 1943 Mimeo- 
graphed 

ScuowaArRz, ERNs1 Notes on commensal rats. Amer. Jour. Tropical Med., Baltimore, 
vol. 22, no. 5, pp. 577-579 September, 1942 

Identification of domestic rats of medical importance. Laboratory guide to 

protozoology and helminthology, | Ss Nav al Medical School, Bethesda, Md., 
Appendix A, pp. 169-178, figs. 2,4 folding maps. March 17, 1943 

Sex WILLIAM BerRRYMAN. The later Cenozoic mammalian faunas of South America. 


Proc. 8th An 
1942 
SuarrerR, Martin L. The black bear. Pennsylvania Game News, Harrisburg, vol. 13, 
no. 12, pp. 7, 30, illus. March, 1943 
SHetpon, H.H. Hands off, andon. Nature Mag., Washington, D. C., vol. 36, no. 1, pp 





sr. Sci. Congr., Washington, D. C., vol. 4, pp. 333-357. August 3, 





19-21, illus. January, 1943 Adopting deer fawns 
Strva, JoAo Aucusto. Animais selvagens. Contribuicéo para o estudo da fauna cinegét- 
ica de Mocgambique. Mocambique, Documentario Trimestral, Lourengo Mar- 
— 


ques, no. 27, pp. 5-22; no. 28, pp. 89-96; no. 29, pp. 55-71; no. 30, pp. 33-49, illus 
September, December, 1941; March, June, 1942 
Simpson, GeorGce GayLorp. Early Cenozoic mammals of South America. Proc. 8th 
Amer. Sci. Congr., Washington, D. C., vol. 4, pp. 303-332. August 3, 1942. 
Mammals and the nature of continents Amer. Jour. Sci., New Haven, vol. 
241, no. 1, pp. 1-31. January, 1943 
The discovery of fossil vertebrates in North America. Jour. Paleontol., Men- 
asha, vol. 17, no. 1, pp. 26-38, figs. 2. January, 1943 
Sincu, J. A. L., and Ropert M. Zinac. Wolf-children and feral man Harper & Brothers, 
New York, pp. xli + 379, illus. 1942. 
Sincu, Ram. Black panthers. Jour. Bombay Nat. Hist. Soc., vol. 43, no. 3, p. 519 
December, 1942 
A wine-bibbing panther—and others. Jour. Bombay Nat. Hist. Soc., vol. 43, 
no. 3, pp 520-521. December, 1942 
Deformed tush in a boar. Jour. Bombay Nat. Hist. Soc., vol. 43, no. 3, pp. 
3, pl. 1. December, 1942 
Some experiments in albinism. Jour. Bombay Nat. Hist. Soc., vol. 43, no. 3, 





pp. 523-524, pl. 1. December, 1942 Mating experiments with albino chital.) 
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SmitH, CLARENCE F. Relationship of forest wild life to pine reproduction. Jour. Wild 
life Management, Menasha, vol. 7, no. 1, pp 124-125 January, 1943 

SPENCER, CLIFFORI Bighorns on the march Amer. Forests, Washington, D. ¢ 1. 48 
no. 6, pp. 250 85, illus. June, 1942 

Sprvack, Mary. On the presence or absence of the umbilical blood vessels of n 
and guinea pig Anat. Record, Phi 85,1 1, pp. 85-109, figs. 6 
Jar ir 1943 

ST¢ EI DAYTON Cottontail und jack I bbits o1 e turnpike Natu Notes 
vol. 9,1 5, pp. 50-51 nual Februa 1943 Census mimal led 
on higl 

STORMONT, Ciype, and R. W. Cumi Cellul tige ' tle bloo lo I j 
Washington, D. C., vol. 34, no. 2, pp. 34-41, figs. 5. Feb 1943 

S1¢ Ky Ny Cliy g histor S Diego Zoot 16, no. 2, pp { 
194 Notes 0 ni ls in t S Diego Zo 

Sroves.J.L. Stru fib1 Nature, I 151, no. 3828, pp. 304-305 
fig 9 \I 1 1942 

Sry La A l ~ thod y I t GG y I 
p 10-11, 26-27, 3 M 1943 

S Fy VW R dus of 1 M Jo M 
geme! M 7,1 1, pp. 60-7 J I 

~ } i | i i 
tion Vo é St. P 5,1 ! 35. M i 

Sy o. } r} ' ‘ ore ( ( Me 
orig I eppt Zoi J Zoblogicl 1! Zhurnal), Mo 

16 pp. 448-482 1937 

Tap! Do» | The beavers in Cali G Bull. Ca ) I 
und G San Frar o, no. 3, pp. 59, figs. 26. 1942 

I ( H. |] Results of the Archb Expeditio1 { Furtl 
Rhinol pine group (Chiro Ar M No 
} ! 1219, } 7: 3 17, 1! N R} 
hame 

Taytor, E. | Ps mination in tl ib} P Z Ss I ) ; 
110, p pp. 159-163. March, 194 

rue Prot ( r} fes entert poss M 1 Cor 

19 | Fall, 194 

Timme F. | rhe « nati pri ( ser bt Ar 
Q Avrono G N. } vol. 3 6.D my 520. fis ) lu 10 

Tom vik Ie Intert nal agree! t n ma I | 
Res I Con idity Poliey Stu N Stanford | Pre 
1g ll char > map 194 

lorRI THE RE W developmer t rinog ' ‘ 
I. The kidney ar duct Amer. Jour. A Philadelphia, vol. 7 
| 1] 17, p Janu 1943 

TYRRI W. Bry Squirrel guest Natu M Washingtor » ( 3 
no. 5. pp. 255-256. illu lay, 1943 

VIDAL, FLAMINIK Aus é Y ion mic i hipotalamo-hipdofis t L¢ 
M norve albir Re Soc. Argenti siol., Buenos Aires, vol. 18 6 
pp. 502-508, fig December, 1942 

VLADYKOV, Vapim D A modification of the pectoral fins in the beluga from the St. Law 
rence River Naturaliste Canadien, Quebec, 70 (s 3, vol. 14), no 2 
pp. 23-40, figs. 7. January-February, 1943 

W ARWICE Tom 4 contribution to the ecology oft the mus t Ondatra zibeth I the 
British Isle Proc. Zool. Soc. London, se \ ‘ 110, pts. 3-4, pp. 165-201 


figs. 8, pl. 1 
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Werneck, Fasio Leoni. Sobre algunas espécies do género Gliricola (Mallophaga Mem 
Inst. Oswaldo Cruz, Rio de Janeiro, vol. 37, no. 3, pp. 297-316, pls. 1-2. Sep 
tember, 1942. (Parasitic on mammals, mostl lent 


WneeLer, Cnartes M. A contribution to the biology of Ornithodorus hermsi Wheeler 





) ) be figs. 2 
I 1943 P itic on J her small mamn 

Vi Li On tl se of tools | J Comp. Psychol., Baltimore 
1. 3 pp. 369-374. December, 1942 

Witson. F.G. Snowshoe hare damage and control. Wisconsin Conserv. Bull., Madison 
\ 7,1 12, pp 7, ill Deceml 1942 

' C.] The energ st ing Scien Lancaster, n. 8., vo 
97.1 2505 »4 Jar 1943 
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OBITUARY NOTICES 
EE aS err 
Oscar Perry Silliman 
1876-1943 


Oscar Perry Silliman died, in Salinas, California, on May 9, 1943. He was born October 
1, 1876, 2 miles east of Watsonville, California, the son of Wyliys Augustus and Martha Ann 
(Gilman) Silliman, the grandson of Charles Oscar and Phoebe Anne (Trafton) Silliman and 
of Perry Gilman of Kennebec County, Maine, and great grandson of Charles Wyllys and 
Deborah (Cass) Silliman of Connecticut and Ohio. On June 20, 1897, he married Mathilda 
Neal (daughter of James M. and Esther Neal) who survives him as do several of their 
thirteen children and many grandchildren. O. P. Silliman attended grammar school and 
high school in Watsonville, California, graduating from the latter June 6, 1895. After six 
months in preparatory school he taught grammar school for four years, then farmed until 
1907, when he entered the feed and grain business and later wholesale bean business in which 
he was engaged at the time of his death. In spare hours he built up large collections of 


birds and mammals from Monterey County, California, a large collection of bird’s eggs and 
a library rich in rare natural history books. A member of the American Society of Mam- 
malogists since 1924, Mr. Silliman has given substantial aid to at least three young 


mammalogists and his assistance in this and other ways will be greatly missed.— 
E. Raymonp Haul 


William E. Saunders 
1862-1943 


Dr. William E. Saunders, charter member of the American Society of Mammalogists, 
died June 27, at his home in London, Ontario. During a life of 82 years, he became known 
as one of the best field naturalists in Canada. Besides carrying on an active business, he 
managed to do some field work in Mammalogy or Ornithology nearly every day, writing 
voluminous field notes and collecting specimens. He encouraged and developed a number 
of young naturalists, was a member of several scientific societies, and, to quote one of his 
many admirers, ‘“‘he was one of the few ‘old timers’ 
W. B. Davis. 


who didn’t become fossilized with age.” 











